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INTRODUCTION 


An accelerated and coordinated program of coal research is believed by many 
to be a necessary step in assuring coal's proper position in the expanding energy 
market. The President's Advisory Conmittee on Energy Supplies and Resources 
Policy, for example, made the following recommendation: 


We recognize that coal is a great national asset and endorse a 
cooperative study to determine what research and development could be 
undertaken. The coal industry and both Federal and State Governments 
should participate in this study and its costs. 


Representatives of the coal industry have agreed that such a study should be 
initiated. Accordingly, Felix E. Wormser, Assistant Secretary - Mineral Resources, 
United States Department of the Interior, requested the Bureau of Mines and Bitu- 
minous Coal Research, Inc., to conduct a survey of current research on bituminous 
coal. In addition to this survey, studies were made to determine research projects 
that would be of value to the coal industry. 


The survey covers research on bituminous coal in the United States in some 
detail. An attempt was also made to survey foreign research; but, because of the 
time limitation, only general information currently available was used. Because the 
economy of most industrialized foreign countries is tied directly to coal, they are 
ahead of the United States in many coal research undertakings. More details on for- 
eign research should be available to insure an optimum expanded research program for 
coal. In addition to research and development work of the coal industry, that of 
associated industries and coal consumers is covered. Not included, however, are 
secondary studies, such as research on the economics of power transmission, electric 
power equipment, etc. Nontechnical industry problems, routine analyses, service, 
trouble shooting, acceptance testing, and most work performed in production depart- 
ments are also excluded. The United States coal-research survey covered 50 indus- 
trial companies, 10 State institutions, 18 academic institutions, 8 research insti- 
tutes, and pertinent departments of the Federal Government. 


Concern over the sources of supply needed to satisfy the growing energy market 
has resulted in a number of estimates; even the most conservative indicate a tre- 
mendous increase in total demand. A recent report of the Joint Committee for Atomic 
Energy indicates that atomic energy for the production of electric power would be a 
comparatively small factor by 1975 and would only supplement mineral fuels. A pre- 
dicted decrease of reserves of the more convenient fluid fuels - natural gas and 
petroleum - also indicates that new markets may be opened to coal in the future. 


A review was made of the economic position of the coal industry over the past 
several decades, and the competitive forces responsible for coal's position are 
summarized. In connection with this phase of the report, a projection of the 
energy demand, market by market, was considered necessary, because the type of 
market determines the quality and type of coal needed and its availability in 
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various locations. These estimates were based upon projections of past trends in 
the respective consumer categories, adjusted for such factors as Bureau of Census 
estimates of population growth and forecasts of Gross National Product, estimates 
of future power requirements by the Federal Power Commission, and estimates of re- 
quirements by the steel industry. Although the future of coal appears to be much 
brighter than it has been for many years, the amount of the energy market that coal 
will get will be determined by the aggressiveness of the coal industry to obtain 
these markets. Intensive research now will insure the availability of technology 
in the future to adapt coal to the changing demands of its consumers and thus 
assure the Nation an adequate energy supply. 


In the past 10 years there has been a growing awareness throughout the world 
of problems associated with air and stream pollution. Although these have been 
of concern to the coal industry for many years, the increased interest in them by 
legislative bodies requires that a solution be found for the more pressing prob- 
lems, if coal is to achieve the predicted markets. Therefore, recommendations 
for research have been included in this report concerning abatement of air and 
stream pollution. 


In the report 209 research possibilities are listed. Each of these research 
possibilities must be examined in detail to determine the economic and technologic 
feasibility before undertaking a research project. Many of them appear to be sim- 
ilar to past studies; and, in fact, much work is underway at present on phases of 
many of these research possibilities. In many cases, however, insufficient time, 
effort, or money was spent on problems. Furthermore, as the overall economics 
changes, processes that appeared uneconomical earlier may be feasible today. New 
scientific developments, apparatus, and new approaches can now be applied to older 
problems; new processes to meet the new demands of consuming industries such as 
chemicals, gas, and liquid fuels may offer vast new markets. Increased demand for 
chemical raw materials and for more convenient (gaseous and liquid) sources of 
energy create an entirely new set of research objectives. 


In listing these broad research possibilities, it was felt that each merited 
some further consideration. No suggestion was made as to whether industry, univer- 
sities, or State or Federal organizations would be best equipped to work on a given 
problem. No attempt was made to give priority to the research possibilities. 


No separate recommendations have been made concerning the scientific litera- 
ture on coal and related subjects. Bituminous Coal Research, Inc., and the Bureau 
of Mines agree with the suggestions of several respondants to the coal survey that 
a great need exists for an American journal that will bring together contributions 
on coal science. Furthermore, a need exists for a systematic compilation of com- 
prehensive physical and chemical data on coal and its primary products. Moreover, 
although we recognize the need for a number of technical-economics studies to prop- 
erly evaluate some of these research possibilities, recommendations concerning them 
were not included in this report. 


Bituminous Coal Research, Inc., assisted in the research survey and provided 
much of the material, time, and effort for the technical and economic review. The 
cooperation of this organization and of others that contributed to the survey is 
gratefully acknowledged and very much appreciated. 
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SUMMARY 


A survey of 1955 coal-research projects revealed the data shown in table l. 


TABLE 1. - Summary data on coal research, 1955 


Expenditures manpower 


[|___ Dollars _| Percent |__Number | Percent 


Coal resources .scccccccccccccvcccccce 1,478,600 19.8 
Mining CHHOHHCCOHST HOCH EHOLOOEEOHEOOOOE 3,038,700 14.8 
Preparation Coooeceeeeeseoeeseseseeoes 606 ,400 4.8 
Storage and transportation ...cccccoe 97,900 . °5 
Combustion eeeoeeeeneeoaevoeae0e20de2 @eoeene7eee ee 8@ 1,121,800 6. 4.5 
Coke and coal chemicals .....cccccvces 5,435,400 31. 28.9 
Gasification of coal ..rccccccccccecces 2,517,900 14. 9.7 
Coal hydrogenation .cccccccccccccccecs 2,080,100 12. 9.8 
Physical and chemical properties .... 1,005, ~~ 5.8 7.2 

BG eal ean sdetaomaemousnmeaseuce <8 ee ee oe 100.0 


Although the total effort is impressive, it is not large when compared with 
research and development expenditures in other industries. Moreover, much of the 
reported work is on the development and improvement of equipment. In addition, 
there is some imbalance in the funds and manpower applied to different phases of 
coal research. 


The Nation's projected total energy requirement for 1975, in terms of bitumi- 
nous-coal equivalent, is 2,530 million tons. Coal now supplies about 30 percent 
of the total energy demand. If this percentage is maintained in 1975, approxi- 
mately 759 million tons of coal will be required. With the relatively limited 
reserves of liquid and gaseous fuels and after allowance for a considerable expan- 
sion in availability of atomic energy, coal's share of the total energy demand may 
be expected to increase over its present 30 percent. For each 5-percent increase 
of total demand, approximately 120 million more tons of coal would be required. 
However, even at the lower limit of projected demand for 1975, the present capacity 
of mines is insufficient, and additional mines will have to be opened. 


Although the projected energy demand indicates a favorable position for coal 
in the future, competition among the fuels will continue and will be complicated 
further by availability of new sources of energy, such as oil shale, atomic energy, 
and possibly solar energy. We have tried to point out in this report the techno- 
logic problems that must be solved if coal is to be assured its proper share of 
total energy demand. Two hundred and nine research possibilities of different 
degrees of urgency are made on all phases of technology, from mining to possible 
new markets. Much of this program must be begun at once if the technology is to 
be available when needed. 


SURVEY OF BITUMINOUS-COAL RESEARCH, 1955 


The main results of the joint Bureau of Mines - Bituminous Coal Research, Inc., 
survey of current coal research are summarized in tables 2 and 3. 
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TABLE 2,- Bituminouscoal research, 1955 


Approach to problems 
Field or 


Prof. 
Res. Annual men/ commercial 
Type of study projs. inst. amt., $ ea Lab. ip.| stud Statistics 


: r 
Coal Resources 
Exploration, mapping, - x x x x - 7700 CsA SOR 5 14.8 * . - x x 
trace minerals such 
as uranium and 
germanium. 
Petrography, geology, and - x x - - ~ 360,900 | 2.1 47.0 50 x - - - - 
other earth sciences as 
applied to resources. 


Subtotals 18 = = - = - 1,478, 600 186.5 - - - - ~ 


Similar work in France, Germany, England, Australia, Canada, India, South Africa, and Russia. 


Physical and Chemical 


Properties 

Sampling, analysis, 2x5) x x me x - 1,005, 600 Si 68.4 nee x 
structure, reactivity. 

Similar work in France, England, Australia, Canada, India, South Africa, Netherlands, and Japan. England and Netherlands appear to have much 


stronger programs than the United States. 


x x 


* 
1 


Mining (mostly equipment manufactured) 

Continuous mining and - - - x x x 1,629,100 : : - x x - 
associated problems. 

Roof control (faults, - - - x x x 173,100 ; ; ; - x x - 
pillars, bolts, temporary 
supports). 

Transportation and - - - - x x 819,700 - x x - 
communication. 

Augers, drills, safety ~ x - ~ x x 416,800 : ‘ ; - x x x 
equipment, acid drainage. 

Subtotals 25 ~ - - - - - - - - 


tunneling and Russia on hydraulic mining. 


Preparation 

Fine-coal cleaning and - x - 
recovery (equipment 
and methods). 

Coarse-coal cleaning - x - 
(equipment and methods). 

Fine-coal drying and - x - 
dewatering (equipment 
and methods). 

Crushing (preparation and - x ~ 
storage of lignite). 

Washing characteristics - x = 


Ma 
1 
* 


40 ,000 


216,000 


* 
' 
* 


23,500 


* 
* 
1 
i 


86, 500 


* 
t 
* 


of coals. 
Miscellaneous (no details - - - x 2 x 
to preserve anonymity). 


Subtotals 20 - - - - 
Similar work in France, Germany, England, Canada, India, South Africa, Japan, and Russia. 
on briquetting, Japan on electrostatic cleaning. 


13,000 x - - x = 


606,400 
In addition, France, England, Canada, and India work 


Storage and Transportation 
Storage ane _<Tanspo* == ———— 


Hydraulic transport, 4 x 
storage, handling, 

equipment (see also under 
Preparation and Combus- 


tion; the latter includes 


rail transporte equipment) - 
Similar work im Australia, Imdia, German». and Russia- 


97,900 -6 Le Be! x x - x 


The last two are also workings on hydraulic transportacion- 
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TABLE 2. - Bituminous—coal research L955). =~ Cone 


Approach to problems 
Prof. |/% of Field or 
men/ {total aw. | B22" | Proto, commercial 
ear |manpower] Lab. Dlant | equip. stud Statistics 


- - x 181,000 ey x x x 3 ¥ 


Work done b 
Type of stud projs. | Govt.| Govt Unive jecnst.| Ind. | rant... $ 


Combustion 
SoS 


Combustion characteristics - x = 
(low-grade fuel, powdered 
coal) and boiler-water 
research. 
Equipment for preparation = x = x x x 
and combustion (home, in- 
dustrial and agricultural). 
Byproducts (recovery and ~ x ~ x x 
use of ash and sulfur) 
and pollution control. 


6 


-770, 300 1.6 x x ss x x 


ad 
*% 


~ 170,500 1a ge x x x 


Similar work in France, Germany, England, Australia, Canada, India, South Africa, Japan, Austria. The International Flame Research Committee 
(British, Netherlands, French, Swedish) studies coal burning, especially pulverized coal. In addition, England is working on combustion of 
smoke, delayed combustion, and smokeless fuel. 


Coke and Coal Chemicals 


(except Hydrogenation 
and Gasification) 


Carbonization character- - x 
istics, oven design, and 
testing (including sulfur, 
petrography, banded 
ingredients, blending, 
swelling, plasticity, 
strength, rate of 
carbonization, etc.). 
High-temperature carbon- - - - 
ization and products 
(quality and quantity 
of coke, tar, and gas; 
metallurgy; chemicals). 
Low-temperature carbon- - 
ization and products 
(processes, solid fuel, 
tar and gas chemicals). 
Special products - x - x x x 222,300 iS 19.0 20 x x x 
(industrial carbons, 
charcoals, fertilizer, 
chemicals directly 
from coal). 


Subtotals Bye ill = : : -| - | 5,435,400 Dipey| aeseon a) = : : : - 


Similar work in France, Germany, England, Australia, Canada, India, South Africa, Netherlands, Austria, Japan, and Russia. France appears to 
be carrying on the most intensive laboratory research. India is studying ion exchange compounds and desiccants from coal, Netherlands 
carbide from coke. 


WGLIOD | eed | eGSeh) 4.8 x 


* 
x 
*% 
* 
*% 
* 
~*~ 
* 


2,571,300 14.8 2 £5 138 x x x x - 


* 
*“ 
* 


1,897,100 10.9 81.5 8.6 x x x x - 


* 
' 
* 
* 
* 


~*~ 
1 


Gasification of Coal 


* 


Gasification,including ~ x - x x 1,977,700 
underground gasification 
(lump and powdered fuel, 
Synthesis gas, methane) 
and purification of gas 
(removal of dust etc.). 
Uses of gas (fuel cell, - x - x - 
Fischer-Tropsch and 
related processes for 
liquid fuels, waxes, 
chemicals, etc. Does 
not include conversion 
of natural gas to these 
products). 


Subtotals 24 = = = “ 


540 , 200 


~ 


2,517,900] 14.5 


Similar work in France, Germany, England, Australia, India, South Africa, Netherlands, Austria, Japan, Russia. In addition, England is 
studying milled peat, and England and Russia are working on underground gasification. 


Coal Hydrogenation 


Chemicals, liquid 5 x ~ - x x 2,080,100 1220 92.6 9.8 x x x x x 
fuels, methane. 


TOTALS 208 - - - - ~ 17,382,400] 100.0] 943.6]100.0 - 
| 100.0] 943.6[100.0 us 


TABLE 3. - Sources of funds for bituminous-coal teaearche! 


Federal eeeeesevueonueonvneosvseeaeovoeovn@easoeoeaangesceavaoeseecaoeveeeeeeveoeeeeeeeoaeaeeea eee eeaeoeeanecse $ 4,863,737 


Se eee ree ee ee ee ee ee ee eee ee Te ee ee ee ee ee ee ee eee 579,727 
Commercial coal COHOHCHHHOSHSESEHOHSEOSHEHSHHOHHESEHEHHOHOHHSHEHEHHES EE SEREEE 2 5,452,284 
Captive COAL sesesescesseeses doses esdressecd severe ecsesesesesessseeees 1,206,888 
Equipment MANULACEULECTS . 6:66 od.60's06.0 6:64 66 605 0600 ONO 660655065 se ees 3,220,810 
Other Indust el al coi osaswie:ksceb-s nso wiee Wh 6w 5004 500s 6b 5 50 000 6 00k 6 06 Seas 4,954, 954 
University and unidentified funds crccccccccccscccscccvcsccecsccccccs 104 ,000 


Total @eeoseveeaoeeeaoeveoevoevoeeea eos ee eos eseevne eee eoeneneeaeeene7eeeeeeee ee eee ee @ $17,382,400 


1/ When companies were known to be engaged in several functions (for example, a 
company that makes equipment, processes coal, and sells coal) and where sev- 
eral projects were reported by such a company, an attempt was mace to distrib- 
ute the amounts to the appropriate Lines in the table. 


The following limitations apply to table 2: A few companies preferred to give 
only totals, and an arbitrary allocation to certain functions (those believed to be 
-most important in the companies’ programs) was necessary in these instances. Over- 
head and administrative charges were usually included in the individual reports; 
however, because of the great variation in overhead, no attempt was made to adjust 
the few reported net figures to gross figures. A small error enters into the man- 
power figures because, in university research, students were sometimes counted as 
full-time and sometimes as part-time, and sometimes they were not included as pro- 
fessional employees. Professional employees were defined as persons holding de- 
grees in science or technology or having equivalent experience and duties. The 
expenditures generally cover 1955, although in a few instances 1954 or projected 
1956 figures were the only ones available. 


Table 3 indicates the sources of funds for coal research and shows that ap- 
proximately equal shares are contributed by coal producers, equipment manufacturers, 
coal consumers, and the Federal Government. 


Despite the many limitations of the survey, it reveals the scope of coal- 
research activities, particularly in the United States, in semidetail not hereto- 
fore available. Total annual research and development expenditures for coal are 
shown to exceed $17 million. This is, of course, a minimum amount, because some 
organizations may have been overlooked and eight of those contacted did not reply. 
In only one instance, where the average annual expenditure of a company on research 
and development was known, was this amount entered in the table, with an estimate 
of the manpower, in lieu of a direct reply. By way of comparison, 1953 research 
expenditures (according to the National Science Foundation) by the petroleum indus- 
try were $145.9 million; textile industries, $28.0 million; rubber products, $53.6 
million; and chemical industry, $361.1 million. 


Of the total amount in table 2, almost one-third was spent on coke and coal 
chemicals. This category also employed the largest number of scientists and engi- 
neers = 273 professional employees of a total of 944 covered in the survey. Next 
in importance, based on expenditures, is mining, principally because of the high 
cost of developing large mining equipment. The second largest function, based on 
manpower, is the exploration and study of new coal resources. Although combustion 
constitutes the greatest end use of coal, it is in sixth place (based on dollars) 
and in eighth place (based on professional manpower). Coal gasification and hydro- 
genation are in third and fourth places, in terms of expenditures. By far the small- 
est effort, about 1/2 percent on both bases, goes into storage and transportation. 
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TOTAL ENERGY REQUIREMENTS OF THE FUTURE 


The unprecedented and continuing growth of our population, the tremendously 
accelerating demand for electric power, and the heavy expansion of our industrial 
economy indicate that demands for energy will reach phenomenal proportions within 
the next 25 years. Although there are some differences in the estimates of various 
experts as to the magnitude and timing of successive new peaks in total energy de- 
mand, these estimates fall within a range that indicates an increase of about 25,000 
to 30,000 trillion B.t.u. over the present energy demand in the next 20 years, or 
approaching a two-thirds increase. 


The principal interests with respect to coal in these forecasts are (1) the 
extent to which it will participate in the increased energy demand and (2) when 
the increasing demand will begin to manifest itself in terms of substantial and 
sustained increases in coal production and utilization. 


The answers to both questions lie primarily in the extent to which the coal 
industry will be prepared to assume the greatest share of the expanded energy mar- 
ket, as distinguished from having to accept the residual demand that cannot be 
supplied by other energy sources. 


Each major facet of coal technology = production, transportation, and utili- 
zation - will require early planning and action on an unprecedented scale if the 
objective is to be met. Coal producers, transporters, and users alike will have 
to participate if the Nation is to get the greatest value from one of its largest 
natural sources of energy. 


To appraise future energy demands with reference to coal it has been necessary 
to analyze the potential demands on the basis of principle energy markets rather 
than to estimate future energy demands on a total basis. 


Table 4 shows the grand totals for the years covered in this estimate, based 
on the potential demand in the major consumer classifications. The latter are 
covered in more detail in the discussion of the respective market groups under 
Coal Markets on page 29. Although this total differs somewhat from those given by 
other sources, such differences are normal for long-range forecasting where so 
many complex variables are involved. Even within the range of differences, total 
energy requirements are expected to increase 1 billion tons or more in bituminous 
coal equivalent in the next 25 years over the current 1-1/2 billion tons (in bitu- 
minous coal equivalent). Some of this demand will be supplied by imported energy. 
If the trend of energy imported for the past 15 years is projected, approximately 
17 percent of the 1975 energy demand would be supplied by imports. 


To the extent that the predominantly coal based economies of Europe continue 
to expand appreciably beyond the abilities of their native coal industries to sup- 
ply the demand, and insofar as the extra demand is not taken over by competitive 
fuels, it is expected that United States coal exports will continue correspondingly. 
On this basis, plus the fact that the European market for United States coal now is 
largely on a free dollar basis, it is anticipated that, for some time ahead, there 
will be an appreciable overseas export market for United States coal, although the 
degree of stability is open to conjecture. 
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TABLE 4. - Estimated total ener requirements, by consumer groups, 1955-80 


in trillion British thermal units and bituminous-coal e divaleats 


Electric Coke and Residential Bituminous -coal 
power Motive coal Other and Grand total equiva lent-/ 
utilities Dower chemicals industries commercial Exports trillion B.t.u.2/ million tons) 


1/ These estimates are projections of past trends in the respective consumer categories, adjusted and revised for 
projections by the Bureau of the Census of population growth, for forecasts of gross national product, for 
estimates by the Federal Power Commission of power requirements to 1980, for expansions in the steel industry 
as indicated by steel-industry leaders, and for other factors on which data are available at present. 

2/ Includes estimated imports as follows: 

Bituminous-coal equivalent 


Year Trillion B.t.u. (million tons ) 


1955 2,755 105 
1960 3,500 134 
1965 4,500 172 
1970 5,500 210 
1975 6,500 248 
1980 7,500 286 
TABLE 5. - Potential contribution of bituminous coal and lignite to estimated future 


ener requirements on the basis of varying rates of coal's participation 
in the total energy market! 


Estimated total 
energy require- 
ments, in millions 
of net tons 
bituminous -coal 


Share of total energy market 
million net tons 


65 percent 
533 622 711 800 889 


Year equivalent 

1960-- 1,156 
1965-- 1,294 
1970-- 1,455 
1975-- 1,645 
1980-- 1,861 


1/ In 1955 estimated total energy requirement in bituminous-coal equivalent was 1,573 million net tons; 
bituminous coal supplied 29.9 percent. 
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Coal's decline. - As indicated by figure 1, the contribution of bituminous 
coal to the total energy market declined from 63.2 percent in 1925 to 29.2 percent 
in 1954, having last held the majority position as energy supplier in 1943. Bitu- 
minous coal's changed position in the energy market is shown by the fact that the 
decline has been absolute as well as relative; coal contributed 3,355 trillion 
B.t.u. less in 1954 than in 1925. Estimated coal production for 1955 was 470 
million tons, indicating that coal regained part of this market during the year. 


Coal's potentials. - If bituminous coal's contribution to the total energy 
market in 1975 continues to be the present 30 percent, demand in that year would 
be 759 million tons. The potential demands for other years and percentages are 
given in table 5. 
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COAL RESERVES 


The estimated recoverable reserves of bituminous coal and lignite, as of 
January 1, 1953, are over 1,800 times the average annual rate of production during 
the past 10 years. Accordingly, from these coals alone the United States is 
assured an abundant supply of energy for centuries ahead. 


Table 6 indicates the remaining coal reserves of the United States as of 
January 1, 1953, by rank, tons, and B.t.u. Table 7 shows the reserves by States. 


TABLE 6. - Remaining coal reserves of the United States, January 1, 1953L/ 2/ 


Estimated total 
reserves remaining| Estimated recoverable reserves, 
in the ground, January 1, 1953, assuming 

January 1, 1953 50 percent recover 
(million (million (quadrillion 
net tons net tons B.t.u. 


1,049,457 524,729 13,643 


Rank 
Bituminous coal ..cccccccccvccs 


Subbituminous coal eceooecoocvecce 372,934 186 ,467 3,543 
Lignite eeseeaoeeoeaeoeaenoeaeeosvneeoeaoee eee 8 463 ,356 231,678 3,105 
Anthracite and semianthracite . 13,992 6,996 178 


Total eeoeeceseeeseecneeneeeee 1,899,739 949,870 20 ,469 


1/ Averitt, Paul, Berryhill, Louise R., and Taylor, Dorothy A., Coal Resources of 
the United States, Geol. Survey Circ. 293, (1953), p. l. 
2/ Does not include any potential undiscovered reserves. 


Location. - The location of coal production has both affected and been affected 
by the location of energy markets. Although this still is a potent force, particu- 
larly with regard to established industrial markets, it has been minimized in recent 
years by the tremendous advancements of petroleum and natural gas in the energy mar- 
ket. The location of coal production will be affected further by changes that dev- 
elop in such factors as the source and availability of different qualities of coals 
and of other industrial raw materials (iron ore, water, etc.), in fuel-burning effi- 
ciencies and electric power transmission, and technological developments which will 
bring changes in the "form" in which coal energy and coal products are produced, 
transported, and utilized. The significance of location of the widely differing 
kinds and qualities of coal reserves, as related to their markets, is indicated by 
the comprehensive crisscross pattern of bituminous-coal distribution, in which coals 
from various states move to and through other coal=producing states. 
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TABLE 7. - Coal reserves of the United States, January 1, 1953, 
by States (million net tons) 


Recoverable 

reserves, 

State assuming 

50-percent 
recover 
Alabamat/ bsenihs Grid oe aco ieease? ee ere ee ee 32,924 
Arkansas, , Lute eae oaes eee Spawn dheraate vate Gre 764 
COLORADO— dg... cee ee es Rieder dustoe re 49,719 
GEORGIA:  6s6is.sba i edwenaawwees ratsdtibi asada oat ctaek 38 
TEUINOES: se Garett ade te eee Sn ae aiee 68 ,504 
INDIANA ........... ations the eet naga ateearen 17 ,607 
Tow8 ..scceeee ee re eee ae nr ee 14,232 
KANSAS jcc bye tices ee ee ee eee eee eS eee 10,381 
Kentucky ...... sehesiranti sit ceaennauaie ts Bases dtu ee apn eeaiecs 59,487 
MARYLAND ........ fae satan etn ah 1G sb cake) ae Perera tee 598 
MICHIGAN Se dasa (os feces Sens vtante Ev aceasta encanta es ieee 110 
MiSSOULE: cis Sods cierto hiried Sacer a ais ork ees : 39,414 
MONTANA 505: sc .oiiurs dnc bended os daog aed ona eee es 110,860 
NEW MEXICO ......... sescseiicaue wcnentae Gene eatee bel 30,754 
NORTH CAROLINA ..........ccccccccccccccecceres 35 
NORTH DAKOTA ..........e0-. Sigcasted ete edaeeee teas eves 175,378 
Ohio ......... eb. Gcncaishite ee ee es ee eee ssh, eteuasareceus 41,486 
OR LAN OME: ste siie cle asace. Siete boogie gece wrk bp eh DS a 27,309 
PENNSYLVANIA ........cccceveeee ee aie Gee enw eaheee ae See 36,189 
SOUTH DAKOTA ........ccce. abies ei te hicias discal ceeds Oe oR 1,015 
TORNCSSEO® 36.7.6 awe OG Se ere eee 12 ,493 
TONGS? oo io geste wctok nueehaes Wes aes EE a 15 ,438 
Utah ..... : ee rere ; re ae ee ee eee ee 46,452 
VERGENEA: ooo eG ats ee wa eae ae ee ee ee 5,417 
WASNT NB CON: 6355 bec. s aa ee oe eee eee oer 31,794 
WEST VIRGINIA ..... Bs ee Sadao We eae eee ee ance Be RS 52,881 
WYOMING ...... Besta crg ete ieee ab ea: Gaia ea ae erletar qe acees 60 ,395 
Other States ....... ogi soles dearest av Ordos fo ea oecerve soa tana eee oes 8,176 
TOUCAG:, 3 25h er a eceud a ee cee eee S er Oel eed.deeeas 949 ,870 


1/ Reserve estimates of States in lower case letters were prepared 
by, or under the direction of, M. R. Campbell before 1928. 
Reserve estimates of States in capital letters supersede earlier 
estimates by M. R. Campbell. 
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Just as in the past the availability of coal has strongly influenced the loca- 
tion of coal-consuming industries, so will these factors have equal, or perhaps 
greater, significance in the future location of energy-consuming industries = and 
special importance in determining whether those industries will use coal or some 
other source of energy. Accordingly, if coal is to attain its share in the tremen- 
dously expanding energy markets of the future, the location of reserves will be an 
increasingly important consideration in planning research and development with re- 
spect to new techniques for mining, preparing, transporting, and utilizing coal. 
It is conceivable that entirely new practices in these phases of coal technology 
will be necessary to achieve the desired end. 


Special purpose coals. = One of the principal considerations that influenced 
location of the large steelmaking installations in the Pittsburgh, Pa., and Birming- 
ham, Ala., areas was the ready availability of large reserves of coal having the 
desired chemical and physical characteristics. The heavy demands of industry for 
these coals in the past has brought about serious depletion of deposits, and as the 
coal sources become more distant the delivered cost of the product increases. In 
many areas, concurrent with the lengthened transportation haul, there has been a 
steady deterioration in coal quality as mined. While adequate reserves are avail- 
able for many years of steelmaking, it is evident that close by, premium-grade de- 
posits are seriously depleted and the remaining reserves will require intensive 
preparation and careful blending to approach the quality of the metallurgical fuel 
that formerly was used by industry. This condition has led to an intensive search 
for additional coal reserves. 


Because of the effect of quality and location of reserves on the share of the 
total energy market, that coal might obtain in the future, more coals of suitable 
quality must be found where needed. 


Research Possibilities 
The following specific projects would assist in attaining this goal: 


1. Investigate the formation and development of coal beds and the effects 
of physical, chemical, and biologic factors (see also 204). 


2. Develop new geophysical methods of finding and estimating extent of 
coal deposits. 


3. Map reserves more intensively, including information on variations 
in quality of coal with location and on the nature of minerals 
associated with coal. 


PRODUCTION AND DISTRIBUTION 


Mining 


Trends in bituminous-coal and lignite production for the period 1925-55, by 
mining methods, are summarized in table 8. 


Underground mining. - During the period 1925-55 hand loading declined from 98.8 
percent to approximately 14.7 percent of underground production, while conversely 
mechanical loading increased from 1.2 percent to 85.3. By 1953 mobile loaders, 
which virtually eliminate hand shoveling, loaded 84 percent of underground mechan- 
ically-loaded production; hand-loaded conveyors 9 percent; conveyors equipped with 
self-loading heads 3 percent; and continuous mining machines, which both mine and 
load the coal, 4 percent. 
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TABLE 8. - Production of bituminous coal and lignite in the 


United States, by method of minin 1925-55 
(thousand net tons) 
Underground mines Auger Strip, | 
Hand loaded loaded Total 
1925-- 496 ,939 6,243 503 , 182 520,053 
1926-- 545 ,899 10,545 556,444 573,367 
1927-- 482 ,885 16 ,500 499 ,385 517 ,763 
1928-- 459 ,397 21,559 480 ,956 500,745 
1929-- 476,859 37 ,862 514,721 534 ,989 
1930-- 400 ,702 46 ,982 447 ,684 467,526 
1931-- 315 ,595 47,562 363,157 382 ,089 
1932-- 254,252 35 ,817 290,069 309,710 
1933-- 277 5539 37 ,821 315 ,360 333 ,630 
1934-- 297,145 41,433 338 ,578 359 ,368 
1935-- 301 ,549 47,177 348 ,726 372,373 
1936-- 343 ,985 66 ,977 410,962 439 ,088 
1937-- 330 ,280 83 ,500 413,780 445 ,531 
1938-- 233 ,045 85 ,093 318 ,138 348 ,545 
1939-- 246 ,421 110,712 357,133 394 ,855 
1940-- 269 ,734 147 ,870 417 ,604 460,771 
1941-- 272,411 186 ,667 459 ,078 514,149 
1942-- 282 ,587 232,903 515 ,490 582 ,693 
1943-- 260 , 687 249 ,805 510 ,492 590,177 
1944-- 244 ,489 274,189 518 ,678 619 ,576 
1945-- 205 ,118 262 ,512 467 ,630 577 ,617 
1946-- 175,617 245 ,341 420 ,958 533,922 
1947-- 193 ,072 298 ,157 491,229 630 ,624 
1948 -- 164 ,206 295 ,806 460,012 599,518 
1949 -- 109 ,447 222 ,376 331,823 437 ,868 
1950-- 120,119 272,725 392 ,844 516,311 
1951-- 111,791 304 ,256 416 ,047 533,665 
1952-- 87 ,431 268 ,994 356,425 466 ,841 
1953-- 71,222 278 ,329 349 ,551 457,290 
1954(est) 52,000 244 ,000 296 , 000 392 ,000 
1955(est) 52 ,000 302 ,000 354,000 470,000 
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1/ Includes power strip pits proper and excludes horse stripping opera- 
tions and mines combining stripping and underground in the same opera- 
tion for 1914-42, inclusive. The years 1943-53, inclusive, include 
data on all strip mines. 

2/ Data not available. 
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Although these advancements represent progress of a high order, they also serve 
as a warning. Since this has been the major field of opportunity for cost reduc- 
tion, the opportunities are limited as far as further replacements of hand loading 
are concerned. For the underground production that is not already mechanized a 
large portion is not amenable to mechanization because of geological and other 
physical deterrents. The impact of these circumstances on future mechanization is 
at least twofold. First, future cost reduction will depend largely on improvements 
over present mechanical methods; second, other activities in the mining process, 
including increased efficiencies in hand loading mines, will have to be subjected 
to more intensive research and development. 


Auger mining. - A relatively recent development - auger mining - is used in 
coal seams that are exposed in strip mining but which are impractical to mine eco- 
nomically by stripping methods when the overburden becomes too thick. By 1953 
auger mining furnished 0.5 percent of the total bituminous-coal and lignite produc- 
tion. However, since it is limited in its application to certain phases of strip 
mining, ultimate recovery by this means will be only a fraction of the tonnage strip 
mined, Although average productivity was 25 tons per man per day, as compared with 
18 tons at strip mines and 7 tons at underground mines, it is a field in which there 
are numerous research opportunities for increasing recovery and productivity. 


Strip mining. - Strip mining has grown rapidly, having increased from 3.2 per- 
cent of the production in 1925 to around 23 percent in 1955. The principal advan- 
tage of stripping is that output per man per day is approximately three times larger 
than in underground mines, which results in generally lower costs. Further growth 
of strip mining will be made possible by continuing development of larger and better 
equipment, combined with improved power drills for shot holes in overburden and lar- 
ger, sturdier trucks for hauling the coal from the strip pits to tipples and ramps. 
There are limitations on the amount of strip mining, since it is believed that read- 
ily available strippable coals, strategically located geographically are limited. 


Thickness of seams. - The overall operating efficiency of bituminous-coal min- 
ing is affected by many physical conditions; one of the most important is the thick- 
ness of the coal seam. Table 9 summarizes the thickness of seams mined in 1950. 


TABLE 9. - Percentage of total production of underground 
mines in the United States, 1950, 
by thickness of seams mined 


Thickness 
of seams Production, 
mined, feet percent 
Less than 2 cccsecsesters cee secscesvosevsceca 0.2 
Z EOS 6S C66 6566:6 6 06660055 60565055566 6.080% 4.5 
3. £0: 69-5. 6.0 60565 6060S S66O40 6 Ob OC OSC Owe 27.6 
CS oe eee er ere ee er er ee ree Se ee eee ee ea 19.7 
5 to 6 COCHCHC CCE EO SCECE LCC EOCECOHOCECO HOH ECEOROCEOEECE 15.0 
ae cgay ee ere eer ear eee ee ee ee ee eg eee ee ee 16.1 
TCO 8 6 06.8 6 i600 6000 60006060 0es 000 eneces 8.5 
8 ANd -OVEY 666s sss 606 wecew ee enseewe eens 8.4 
TOCAL: 25 6avkcse hone eee ew ewes eaeue eee 100 .0 


The coal seam of moderate thickness presents the least mining difficulties. 
Any thinning limits production, decreases recovery, and therefore increases cost. 
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Thickening of the seam in underground mining also increases cost using present min- 
ing machines and practices, since it becomes necessary to maintain larger pillars; 
timbering then becomes more difficult and roof control even more so. There are 
opportunities for research on more economic methods for mining thin and thick seams 
with maximum conservation of coal. 


Number and size of mines. = The number of mines has fluctuated roughly with the 
relative production of the coal industry. When there was a heavy demand for coal, 
many small mines came into operation. Usually these smaller mines were the first to 
shut down when coal markets began to decline, both because of the lack of markets 
and their inability to compete with the larger, more efficient, mechanized mines. 
Table 10 shows the number of bituminous-coal mines in the United States, by years. 
It is estimated that after dropping further in 1954, the number of mines in 1955 
approximated 6,500. 


The trend toward larger, more efficient mines is a direct result of increasing 
competition for the coal market. Continued research on improved, more economic 
mining methods should develop a larger, more efficient mining industry. 


Productivity. - The high degree of underground mechanization and surface strip- 
ping has had a profound effect on output per man per day. Productivity has increased 
between 1925 and 1955 from 4.52 to about 10 tons per man-day. 


Capacity. - Many qualifying factors must be applied to the determination of the 
theoretical capacity of bituminous coal and lignite mines (table 10). Many intan- 
gibles and complexities are involved (manpower, hours and days of work, availability 
of machinery, materials, supplies, transportation facilities, etc.) so that an ap- 
preciable margin below “estimated” capacity should be considered as "attainable" 
production. Although a standard of 280 days has been used in the past for calculat- 
ing potential annual capacity, that figure has never been attained and has been 
closely approached only once. 


The "estimated" capacity of bituminous coal and lignite mines in 1953 for 280 
days of operation was only 670 million tons, and for 225 days of operation 538 mil- 
lion tons, compared with an actual production of 457 million tons in an average of 
191 days of operation. 


By 1965 (table 5) the demand for bituminous coal could be expected to be 600 
to 800 million tons. For each 5 years thereafter the demand is estimated to in- 
crease an additional 80 to 120 million tons. The present maximum capacity will 
have to be increased substantially to meet these new demands. The research on 
new and improved mining methods and equipment and on better conservation practices 
with increased safety must be started immediately to be ready to meet this antici- 
pated increase in capacity by 1965. 


Technological Problems and Research Possibilities 


The survey of current coal research showed a reported annual expenditure of 
$3,038,700, with 140 professional men employed on all phases classed as mining 
research. Although this expenditure is 17.5 percent of the total amount spent for 
coal research last year, almost all of the reported research expenditures were by 
manufacturers of mining equipment. Many coal producers adapt equipment and mining 
methods to their own conditions but do not show such development-type work as re-= 
search in reporting their activities. 


Go gle 


16 


TABLE 10. - Number of bituminous-coal and lignite mines in the 


Year 


1925-- 
1926-- 
1927-- 
1928-- 
1929-- 


1930-- 
1931-- 
1932-- 
1933-- 
1934-- 


1935-- 
1936-- 
1937-- 
1938-- 
1939-- 


1940-- 
1941-- 
1942-- 
1943-- 
1944-- 


1945-- 
1946-- 
1947-- 
1948-- 
1949-- 


1950-- 
1951-- 
1952-- 
1953-- 


1954(est) 
1955(est) 


Number 
of 
mines 


Google 


Days 


actually 


worked 


United States and potential productive capacity at 
225 and 280 days’ work, 1925-53 


Potential capacity 
(million net tons) 


225 days 280 days 
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The following specific projects are proposed to carry out the required research 
program for meeting the needs of the industry for producing coal. Each of the solu- 
tions found should increase safety in mining and improve conservation practices. 


ll. 


12. 


13. 


14, 


15. 


16. 


17, 


18, 


Mining methods and equipment 


Develop rugged mining machines requiring low maintenance and with power 
and cutting ability sufficient for rapid development work and maneuverable 
enough for retreat mining. 


Study means of providing automatic directional control for continuous 
mining equipment. 


Develop means for remote control of continuous miners that are in view 
of the operator. 


Develop improved equipment for conventional mining where continuous-type 
equipment is not applicable. 


Standardize mining equipment to lower maintenance and supply costs. 


Develop improved mining methods and machines for use in thin and thick 
coal seams. 


Develop improved methods of selective mining to remove the more valuable 
sections of the coal bed separately (see also 131). 


Study the influence of physical characteristics of coal beds, roof, and 
bottoms on the problems of mining and the development of improved min- 
ing equipment. 


Investigate means for rapidly strengthening soft bottoms or soft spots 
to support heavy equipment. 


Study economic disposal of refuse underground. 


Underground haulage 


Develop new face conveying methods and new equipment to provide continuous 
transport of coal from the face to main haulage. 


Study improved methods of transportating supplies to the working face. 


Study new means of mainline transportation, including hydraulic and 
pneumatic methods (see also 71, 146). 


Roof control 


Conduct research on roof control to provide better roof bolting methods, 
help in the development of better means of support and develop a guide 
for selecting the type of roof support that will provide adequate per- 
manence of control, based upon the life of the area being worked. 


Develop simple means of indicating stress on roof bolts or on other 
roof=control devices. 
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19. Determine conditions under which auxiliary supports to roof bolts 
are required. 


20. Develop temporary roof supports that are lightweight, easily installed, 
and easily reclaimed. 


21. Investigate means of controlling newly exposed roof near the working 
face. 


22. Study problems of roof control during longwall mining, especially 
problems resulting from use of new planer-type mining equipment. 


Ventilation 
23. Study the effect of mine layout on ventilation problems. 


24. Develop improved methods for degasifying coal beds, including 
efficient use of the recovered gas, 


25. Develop methods for pneumatically removing dust at the working face. 
Power 


26. Develop improved methods of supplying power at the working face, in- 
cluding the economic and technical aspects of AC versus DC power. 


Lighting 


27. Develop improved lighting underground approaching factory standards 
of illumination. 


Causes and control of acid mine water. - Acid drainage from worked-out mines, 
or sections of mines above drainage level, is a serious and difficult water-pollu- 
tion problem. Research has shown that drainage from strip mines can usually be 
effectively controlled; but the prevention of acid drainage from worked-out under- 
ground mines that are above stream level is a very difficult problem. The Common- 
wealth of Pennsylvania and the coal industry have spent around $400,000 to obtain 
fundamental data on the formation of acid drainage. Important advances have been 
made, but the problem is far from solved. 


28. Develop additional fundamental data on the causes and prevention of 
acid mine drainage. 


Strip mining 
29. Develop improved machines and methods for removing overburden and coal. 
30. Develop methods and machinery for dry blast-hole drilling. 
31. Develop more durable materials for bucket teeth and similar applications. 
32. Develop improved equipment and methods for recovering coal under over-= 


burden too thick to be removed economically by stripping, including the 
development of improved methods for auger mining. 
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Underground Gasification 


European and particularly Russian investigations in underground gasification 
have been conducted with some degree of success for about 20 years. It is reported 
that the Russians have some commercial installations; other European countries have 
not carried their work beyond the experimental stage. 


The objective of the underground research is development of processes for gas- 
ifying unmined coal to provide energy from coal in a more convenient form, to reduce 
the cost of bringing energy to the surface and to the point of consumption, to re- 
duce the hazards associated with underground coal mining, and to utilize the poorer 
seams Of coal not now economical to mine. Seams in which the quality of the coal is 
poor, the thickness is insufficient for economic mining, and the type of roof rock 
is such that very expensive methods of control would be required might all be suit- 
able for underground gasification. 


Two types of gas can be made by underground gasification. The first is a hot, 
producer-type gas, which could be used as a source of power either in conventional 
boilers or in a gas turbine. Such gas might also be used in one of the steps re- 
quired for producing synthesis gas (water gas), which is used for producing high- 
B.t.u. gas, chemicals, and synthetic liquid fuels. It is possible that by using 
oxygen instead of air, underground gasification could produce directly a synthesis 
gas, that could be used for the purposes described above. 


Although some progress has been made in this country and abroad in understand- 
ing the factors to be considered in underground gasification operations, a number 
of technological problems continue to delay application of this process in this 
country. Various methods have been proposed for establishing gasification passages 
in the coal seam. Of these methods, the most promising appear to be electrolinking 
and hydraulic fracturing. To make the gasification process economical, further re- 
search directed toward reduction of costs is required on methods for seam prepara- 
tion, burning of the coal, and collection of the make gases, 


Technological Problems and Research Possibilities 


33. Develop improved methods for seam preparation, using electrolinking, 
hydraulic fracturing, or other methods. 


34. Study factors that determine the voltage, total energy requirements, 
and path of the linkage. 


35. Study effect of rank of coal (coking and noncoking) on electrolinking. 

36. Investigate optimum pressure required for hydraulic fracturing, the 
type of liquids and solids suitable for coal fracturing, methods for 
retaining the fracture in the coal bed, and the effect of strata 
above and below the coal bed on the fracturing. 


37. Investigate the control of the inflow of water on the gasification 
system, 


38. Study methods for reducing leakage losses of the product gas. 


39. Investigate methods for developing the gasification passage by 
combustion under pressure, 
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40. Investigate combustion control to obtain the maximum quantity of 
gas of desired quality. 


41. Study the effects of seam preparation and combustion methods on 
the extent of coal utilization. 


42. Study the economics of underground gasification as affected by 
type of linkage, depth and thickness of seam, quality of coal, 
and gasification pattern. 


Preparation 


The significant advances that have been made in mechanical cleaning have been 
motivated by the need for upgrading coal to meet both specific market requirements 
and the competition from oil and natural gas. With mechanical loading it is vir- 
tually impossible to remove the coal selectively by benches or to free the loaded 
product underground from extraneous material picked up during the mining and load- 
ing cycle. Therefore, increasing dependence is placed upon the preparation equip- 
ment to remove effectively not only the impurities associated with the coal matter 
but such other extraneous matter as has been added mechanically during mining. 
This change in mining practices, together with the exploitation of inferior grade 
reserves, has imposed an increasingly heavy burden on the washing process. During 
the last 2 decades the ratio of refuse to raw coal at bituminous coal cleaning 
plants has increased approximately twofold. 


Even in noncompetitive markets, however, advanced mechanical cleaning was 
necessary, such as in preparing better coals for blending to compensate for deple- 
tion of premium-grade metallurgical coals. In addition, much of the premium coking 
coal readily available to the steel industry has been depleted, and of the remaining 
reserves of Pittsburgh-bed coal in Pennsylvania approximately 90 percent is found 
in the southwest corner of the State where sulfur content is known to be excessive. 
Some of the better known sources of low-volatile coals are already exhausted. With 
depletion of the better grade coals that could be marketed after hand preparation 
at the face, mining operations have been shifting to reserves that require thorough 
mechanical cleaning to meet the quality limitations imposed by the metallurgical 
market. 


Mechanical cleaning. - The quantity of bituminous coal mechanically cleaned in- 
creased from 28 million tons (5 percent of the total production) in 1927 to 282 
million tons (60 percent) in 1955. Refuse handled at cleaning plants increased from 
3 million tons in 1929 to 54 million tons in 1953. The ratio of refuse to raw coal 
increased from 9 percent in 1929 to 18 percent in 1953. Increased mechanical load- 
ing has been the major reason for both increased mechanical cleaning and the addi- 
tional refuse. Other important factors were (1) decreased demand for large lumps, 
(2) increased demand for stoker sizes, (3) increased practice of "full-seam mining," 
(4) depletion of some of the higher quality coals, and (5) general demand for 
cleaner coal. 


The anticipated increased demand for coal and the factors mentioned above in- 
dicate a sharp rise in future of the tonnage of coal mechanically cleaned and in the 
amount of refuse that must be removed. Intensive research on improved and more eco- 
nomic methods of mechanical cleaning will be required to meet these new demands on 
the preparation plant. 
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Mechanical crushing. = There are two prime objectives in crushing bituminous 
coal: One is to reduce lump to sizes that will facilitate handling and cleaning, 
and the other is to reduce sizes to meet market requirements. Before about 1930 
the larger sizes of lump were at a premium, and there was only a small amount of 
mechanical cleaning; therefore little coal was crushed. After about 1930 the stead- 
ily increasing percentage of bituminous coal loaded with power shovels at strip 
mines increased the large lumps of coal. At the same time in underground mining 
the increase in mechanical loading increased the amount of refuse, and in order to 
prepare a suitable product the coal had to be crushed before it could be mechanice 
ally cleaned properly. In addition, the increased use of mechanical stokers that 
require specific sizes, usually the smaller sizes, greatly stimulated the necessity 
for crushing of coal. 


The growth of mechanical crushing since 1940 is shown graphically in figure 2. 
The tonnage crushed has increased threefold from 1940 to 1953. 


Technological Problems and Research Possibilities 


Despite the importance of efficient coal preparation to yield a marketable 
product, the survey of current coal research showed that coal preparation research 
involves a reported annual expenditure of $606,400, with 45 professional men em- 
ployed. This sum is only 3.4 percent of the total expenditure for coal research 
last year. The technological difficulties involved in cleaning and drying the 
fine sizes are reflected in the substantial proportion of coal-preparation-research 
funds that are devoted to this field of activity. With the possibility that within 
a few years virtually all coal will be mechanically cleaned, research in coal prep- 
aration must be accelerated so that industry can continue to meet the critical spec- 
ifications imposed by the coal consumer. 


Coarse-Coal Cleaning 


Dense-medium washing. = During the last decade one of the major developments in 
coal preparation was the introduction and widespread use of cleaning systems using a 
suspension of magnetite in water as the dense separating medium. Although the proc- 
ess permits separation at specific gravities previously unattainable in commercial 
practice, it has some serious limitations. Dense-medium processes are not effective 
for cleaning the entire mine-run size range. Coal particles approximately 1/4-inch 
and smaller must be removed from the raw-coal feed; and, if these finer sizes re- 
quire mechanical cleaning, a separate fine-coal cleaning system must be installed. 
Magnetite is rather expensive, and its replacement with some less costly material, 
which would not require expensive reconditioning before reuse in the washing system 
and still permit precise separation of coal over a wide specific-gravity range, is 
desired. 


To improve the operation of dense-medium equipment, there is need for a better 
understanding of the effect of operating variables upon washing efficiency, of the 
behavior of coal particles in the dense medium, and of the effect of viscosity of 
the medium when treating the smaller sizes of coal. A detailed study of the effects 
of medium viscosity will probably have to await the development of a suitable 
viscometer. 


Specific research projects for study of dense mediums are: 


43. Develop a viscometer to measure viscosity of dense mediums. 
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Figure 2. - Percentage of total production of bituminous coal and lignite crushed at mines in the United States, 
1940 and 1944-53. 
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44. Study physical characteristics of dense mediums and their effect upon 
cleaning efficiencies. 


45. Develop other dense mediums. 


46. Extend effectiveness of dense-medium cleaning to entire mine-run size 
range. 


Jig washing. - The jig is one of the most popular types of coal cleaner, but to 
obtain even better operating efficiency the following studies are required: 


47. Determine effect of impulse cycle on separation. 
48. Investigate influence of bed action on both stratification and capacity. 


49. Develop improved means to control and remove impurities. 


Fine-Coal Cleaning 


Pneumatic cleaners. - Pneumatic cleaners prepare a clean product that requires 
neither drying nor dewatering, but they are not as efficient as wet-cleaning methods. 
In addition, the feed to a pneumatic cleaner must be carefully controlled with re- 
spect to variations in surface moisture content. With the increased use of water at 
the working face, the raw-coal feed must sometimes be dried thermally to achieve ef- 
fective separation in the pneumatic cleaner. Specific research possibilities are: 


50. Study conditions under which it is economically advantageous to predry 
coal and clean pneumatically rather than to wet wash and then dry coal. 


51. Develop improved pneumatic coal-cleaning methods, especially ones that 
are not susceptible to variation in surface moisture. 


Wet-concentrating tables. - The rapid growth of dense-medium cleaning of coarse 
coal has been accompanied by the greatly expanded use of wet tables for cleaning the 
fines, Effective automatic controls have never been developed for wet tables, and 
the capacity of the tables with respect to the space required is disproportionate 
to that of other washing devices. Specific research possibilities are: 


32. Investigate design changes in table construction to increase capacity. 


53. Study table stratification in relation to operating variables to 
develop automatic controls. 


Froth flotation. = As a means of preparing marketable fine sizes (minus-1l4- 
mesh), froth flotation is becoming more popular. To understand better the prin- 
ciples of froth flotation, the effects of heats of wetting, angles of contact, 
aeration, and changes in cell design upon their cleaning efficiency and capacity 
a few variables merit further study. Specific research possibilities are: 


54. Use froth flotation theory to evaluate the effect of operating 
variables upon performance. 


55. Use froth flotation to concentrate certain petrographic con- 
stituents of coal (see also 150). 
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Drying and dewatering. - One of the principal problems in coal preparation is 
economic removal of moisture from fine coal. The problem has been accentuated by 
the increased proportion of fines in the product entering the cleaning plant as a 
result of increased mechanization underground, lack of adequate disposal areas in 
the vicinity of the mining operation, rigid enforcement of air and stream pollution 
ordinances, and increased market demand for the smaller industrial sizes of coal. 
It is reported that present methods of thermal drying are relatively expensive and 
somewhat hazardous, and at times pose an air-pollution problem. Specific research 
possibilities are; 7 


56. Study various polymers, wetting agents, and use of sonics and 
ultrasonics to improve flocculation and mechanical drying of coal. 


57. Develop improved equipment and methods for thermal drying of fine 
coal. 


58. Study the effect of bin design and wetting agents on gravity drainage 
of coal. 


Crushing and blending coal 


59. Examine the basic principles of coal breakage to reduce the energy 
required for crushing and to control the size composition of 
crushed materials (see also 142). 


Performance testing of equipment. - Although the individual units of coal prep- 
aration equipment usually are well designed and capable of performing efficiently, 
plant layout has been neglected at times, and the full potential of the individual 
cleaning units has not been realized owing to mediocre performance of auxiliary 
equipment. Improved performance of auxiliary units of coal preparation equipment 
(screens, conveyors, belts, crushers, feeders, etc.) could be expected through a 
detailed investigation of their performance characteristics. Virtually all coal- 
cleaning processes and some auxiliary operations depend upon the mass movement of 
particles in a fluid ~ water, air, or dense medium; however, the physical laws 
governing such phenomena are obscure, and the limited knowledge in this area hinders 
rational design of coal-cleaning equipment. Specific research possibilities are; 


60. Study performance characteristics of auxiliary coal preparation 
units (screens, crushers, belts, conveyors, feeders, etc.). 


61. Study the use of electrostatics, electronics, x-rays, and optics 
for improved coal cleaning. 


62. Develop a continuous method for recording moisture and ash content 
in the raw-coal feed and in the product (see also 151, 201). 


63. Study sources, extent, and prevention of size degradation in the 
preparation plant (see also 75, 144). 


64. Investigate means of dust control in the units of preparation 
equipment. 


65. Study the influence of characteristics of solids on hindered 
settling in water, air, and dense mediun, 
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Sulfur removal from coal by chemical means. - By present coal-cleaning proc-~ 


esses, sulfur in the form of organic compounds intimately associated with the coal 
matter and as fine divided sulfides is not removable. Means of reducing this sulfur 
would make available for metallurgical use large reserves of coal that at present 
are unsuited to that purpose. A specific research possibility is: 


66. Study the removal of sulfur from coal by chemical methods 
(see also 128). 


Salvage of valuable products from washery refuse. - The cost of coal prepara- 


tion could be reduced if some return could be realized from the material discharged 
to refuse by the washery. Precise control over the washing equipment will reduce 
the amount of combustibles in the refuse to a minimum, and salvage of the fine coal 
from the slurries and sludges discharged from the washery would decrease the overall 
cost of preparation. A detailed study of the recovery of pyrites from coal washery 
refuse may lead to some method for reducing the carbonaceous matter associated with 
the recovered pyrites to tolerances that would be acceptable to the chemical indus- 
try. Likewise, although the manufacture of lightweight aggregate from a few types 
of coal washery refuse has been successfully developed, study of other types of 
washery refuse may result in the manufacture of a superior grade of aggregate. 
Carbon discharged with the refuse probably could be salvaged by separating the re- 
fuse into carbon-rich and carbon-free components and gasifying the former to recover 
fuel values. Specific research possibilities are: 


67. Develop more economical methods of salvaging fine coal from washery 
water. 


68. Study possible utilization of refuse material discharged from coal 
preparation plants, including production of lightweight aggregate 
and mineral wool, for fuel value by gasification or combustion, as 
an aggregate for asphaltic road materials, and recovery of sulfides 
for chemical use. 


Surface treatment of coal. - Approximately 10 percent of the annual coal pro- 
duction is subjected to surface treatment at the mine to allay dust and to help 
prevent freezing during transit. To understand better the problem of coal freezing 
during transit, more information is needed with respect to the influence of climatic 
factors on the strength of frozen coal. These factors probably would vary with 
coals of different rank and size. Improved surface treatment agents for allaying 
dust would aid in greater acceptability of coal by the buying public. Specific 
research possibilities are: 


69. Study factors influencing freezing of coal in transit and storage 
(see also 70, 72, 77). 


70. Investigate improved surface treatment agents for allaying dust 
and freezeproofing coal (see also 77). 


Transportation and Storage 
Transportation | 
The method of shipping of coal from the mines not only has an important bearing 


upon the opening of mines but also upon the cost of transportation and the final 
price of the coal to the consumer. 
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Before about 1933 approximately 90 percent of the total production was shipped 
by rail. Since then the percentage, including the tonnage trucked to rail sidings, 
declined steadily to 79 percent by 1953. This decline has been due largely to in- 
creased shipments by water and to shipments by truck from the mine to the final 
destination (See fig. 3.) 


Freight rates. - Since World War II there has been a steady trend upward in 
average railroad freight rates on bituminous coal - from $2.20 per ton in 1945 to 
$3.35 per ton in 1952. The average in 1955 was $3.21. The average cost of rail 
shipment is about 40 percent of the delivered cost of coal. Eighty percent of all 
coal is shipped by rail. On the other hand, through the use of pipelines, oil and 
natural gas have an advantage over coal in the matter of transportation cost and 
competitive opportunities. 


Railroad-car supply. - Periodically the coal industry faces shortages in open- 
top railroad cars. During the latter part of 1955 the railroads had total shortages 
of gondola and hopper cars averaging over 9,000 cars daily. To the extent that 
enough cars are not available and well-distributed the coal industry will be unable 
to increase the market for coal even if it can be produced. 


Storage. 


Stocks of bituminous coal are accumulated in various places, although little 
or none is accumulated at the mines. Some stocks are built up at intermediate 
storage piles between mines and consumers, but the most important stocks are those 
on the upper Great Lakes docks, in the hands of industrial consumers, and in retail 
yards. Those in the hands of industrial consumers and retail yards in 1944-53 are 
shown graphically in figure 4, the wide variations between some months are due 
largely to strikes. 


There are wide variations in stocks of soft coal held by the different classes 
of consumers as expressed in terms of days' supply. Over 100 days' supply are held 
by electric utilities and about 30 days" supply by the railroads. Retail yards have 
a decided seasonal variation in the size of their stockpiles; they build up in the 
summer months and decrease during the winter months. 


In addition to carrying adequate stocks of coal to assure the continuity of 
normal operations, coal consumers are motivated in their purchases for storage by 
the need for protecting their fuel supplies in case of mine or transportation 
strikes or other emergencies, and by the desire to hedge against anticipated price 
changes. With respect to electric utilities, some States have legal requirements 
regarding the minimum days' supply that must be maintained. 


The movement of coal into and out of storage can have a significant effect on 
coal production. Increases in consumer stocks during otherwise slow periods help 
to keep mines in operation and open-top cars in the coal trade. 


Technological Problems and Research Possibilities 


The survey of current coal research showed a reported annual expenditure of 
$97,900, with 5 professional men employed on all research that may be classed as 
relating to storage and transportation. This is about 0.6 percent of the total 
amount spent for coal research. Although the percentage of expenditures for re- 
search on storage and transportation is small, those intermediate steps between 
the mining and use of coal are extremely important from the standpoint of cost, 
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since handling and transportation charges in many cases equal or exceed the cost of 
coal at the tipple. Moreover, the coal industry has no control over this cost when 
coal is shipped by rail. The development of other cheap methods of transportation 
would reduce the cost to the consumer and open larger markets for coal. 


Although most coals oxidize slowly during storage and transportation, losses 
from this cause are seldom large or particularly significant. However, special pur- 
pose coals, such as some coking coals, may change materially in carbonizing proper- 
ties during storage. Moreover, some coals, particularly those of lower grade and 
rank, tend to fire spontaneously if not stored vary carefully, and most coals will 
ignite spontaneously in the pile under certain circumstances, Other losses or dif- 
ficulties that may result from storage and transportation are size degradation, 
wind losses from storage piles and railroad cars, and freezing of coal in bunkers 
during severe winter weather. Specific research possibilities are: 


71. Study and compare costs of transportation by various means, including 
hydraulic, pneumatic, and belt, and compare these, for various tonnages 
and distances, with water, rail, and truck haulage. This would in- 
clude research and development work on hydraulic, pneumatic, and belt 
transport, where data are not already available (see also 16, 146). 


72. Study the causes and cures for difficulties in moving coal, including 
study of flow characteristics of coal, effect of bin design, and ef- 
fects of additives upon flow and freezing properties (see also 69, 
70, 73, 90, 96, 144, 145). 


73. Study efficient and economic methods for storing and handling coal 
and ash at industrial sites (see also 72, 90, 96, 144, 145). 


74, Study the causes of spontaneous ignition and methods of alleviating 
it, including the effects of particle size, sulfur and moisture 
content, and effectiveness of additives, methods of piling, and 
sealing piles. 


75. Study methods of alleviating degradation in handling (see also 
63, 144). 


76. Study the effect of storage on mineral matter and/or coking 
characteristics of coal. 


77. Study freezeproofing of coals during storage (see also 69, 70, 72). 
COAL MARKETS 


Due principally to the increased availability and utilization of petroleum 
and natural gas, bituminous coal and lignite consumption in the United States 
dropped from a peak of 594 million tons in 1943 to 363 million tons in 1954 - a 
net decline of 231 million tons = from which it increased 60 million tons in 1955, 
reducing the net loss to 171 million tons. Concurrent with these heavy declines 
there have been pronounced shifts in the pattern of coal utilization. (see figure 
5). Since 1943 there have been continuing losses in bituminous-coal shipments to 
railroads, retail dealers, general industrial plants (excluding electric power 
utilities), and steel and rolling mills (excluding coking coal). On the other 
hand, there has been an upswing in consumption by electric-power utilities and 
cement mills, as indicated below. 
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Power Generation 
Public Utilities. 


The phenomenal increase in demand for electric energy has resulted in a 250- 
percent increase in coal consumption by electric utilities during the past 30 years 
(from 40 to 140 million tons), including a 59 percent increase from 1950 to 1955, 
as indicated by table ll. 


The demand for electricity has more than doubled every 10 years, but effi- 
ciency in coal consumption at electric powerplants has been increasing, having 
dropped from 3.20 pounds per kilowatt-hour in 1919 to 0.95 pound per kilowatt- 
hour in 1955. 


From all quarters there are indications that, in keeping with our strongly 
advancing economy, the increasing demand for electric energy will continue indefi- 
nitely and that it will accelerate during the next several decades. Hydropower 
supplies only about 4 percent of the Nation's total energy requirements and is 
relatively limited in expansibility. On the other hand, oil and natural gas prob- 
ably will continue to supply a sizable share of fuel to electric-power utilities 
for some time, since the potentials for our vast industrial economy to attract 
world surpluses of residual fuel oils, as well as crudes from which to produce 
additional residuals, are very great. 


These factors are stressed because they can have a strong bearing on the ex- 
tent to which coal is to share in the power markets of the future. They are part 
of the many and complex economic variables that accentuate the need for continually 
greater efficiency and lower costs in mining, preparation, transportation, market- 
ing, and utilization of coal. 


Potential Future Energy Demand 


Estimated potential energy demands for electric-power utilities’ generation 
from fuels, in trillion British thermal units and bituminous-coal equivalents, 
are indicated below for 5-year periods beginning in 1955 and ending in 1980. 


(1955 1960 1965 1970 1975 1980 


Trillion B.t.u. sscccceccccccseee 39,265 7,000 8,800 10,700 12,800 15,100 
Bituminous coal equivalent 
(million of net tons) ..cccoce 201 267 336 409 488 576 


These estimates of total energy required to produce electric power at steam 
plants allow for increased efficiencies in fuel burning. 


In 1954, the latest year for which complete data are available, bituminous 
coal supplied almost 63 percent of the total energy used in generating electric 
power. 


Technological Problems and Research Possibilities 


The survey of current coal research showed a reported annual expenditure of 
$1,121,800; 42 professional men were employed on the study of coal combustion (in- 
cluding power generation, industrial steam production and space heating). This 
amount, comprising only 6.4 percent of the total coal research expenditure, is 
surprisingly low when it is recognized that nearly 80 percent of the coal tonnage 
produced is sold for combustion. 
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TABLE 11.--Consumption of bituminous coal and li nite, by consumer class ith retail deliver; 
in the United States, 1925-55, in thousand net tons 


Steel 


Electric- Bunker Rail- and Other 
power foreign roads3/ rolling Cement indus- 
Year lutilitiesl/|trade2/ | (Class I) mills mills4/ triald/ 


1925-- 0 , 222 117,71) - 261,858 E 

Toe6e=- Tage 122,823 : 277,839 ~ meee 
1927---| 11,888 115,883 = 263,017 = iss 
1928---| 11,350 112, 382 ~ 263,618 v Ka 
1929—---| yt 937 113,89 - 269,650 E ve 
1930-- 2,898 98,100 ~ 20,390 8 isi 
1931---| 38,735 81,725 - 200 ,601 ae 
1932---| 30,290 66,1498 z 176,862 * shia 
1933---| 27,088 72548 83,321 ae 
193h---| 29,707 76,037 89 hs 13 
1935---| 30,936 77,109 96 937 3669 
1936---| 38,10) 86,391 113,792 fe 
1937---| 1,05 88 ,080 127 51)2 i307 
1938---| 36,)0 73921 96 527 ul 
1939---| 2,304 79,072 103,079 ae 
19h0---| 9,126 85,130 110,69 eae 
1942---| 63,472 115 4410 135,979 50.0% 
1945---} 71,603 125,120 129 ,606 569 of 
1946---| 68,7143 110,166 120,610 £00 3h 
1947---| 86,009 109 ,296 126,98 a8 
19)8-~< 95 ,620 9,838 ile Ry gin’ 619,90 
1949---| 80,610 68 123 98 ,957 fae 
1950=-=| 88,262 60,969 98,16), en 
1951--=| 101,898 544,005 105,63), 168 
1952--=| 103,309 37,962 95,863 las 7 
1953--=| 112,283 ES 97 5437 hoe 16 
195 8/| 115,235 ef 30 78,953 360.66 
1955 8/) 1h0,470 15,473 91,856 123,31 


1/ Federal Power Commission. Represents latest available revised figures for bituminous coal and lignite consuned 
by public-utility power plants in power generation, including a small quantity of coke. 

2/ Bureau of Census, U. S. Department of Commerce. 

3/ Association of American Railroads. Represents consumption of bituminous coal and lignite by class J railways 
for all uses, including locomotive, powerhouse, shop, and station fuel. The Interstate Commerce Commission reports that 
in 1953 consumption for all uses by Class I line-haul railways, plus purchases for class II and class III railways, plis 
purchases by all switching terminal companies was 29,211,85) tons of bituminous coal and lignite. Similar data from the 
Interstate Commerce Commission are not yet available for 195. 

l/ Includes a small amount of anthracite. 

5/ Estimates based upon reports collected from a selected list of representative manufacturing plants, 

6/ Estimates based upon reports collected from a selected list of representative retailers. Includes some coal 
shipped by truck from mine to final destination. 

Wi The total of classes shown approximates total consumption. It is not possible to calculate consumption closely 
from production, imports, exports and changes in stocks because certain significant items of stocks are not included in 
year-end stocks. These items are; Stocks on Lake and Tidewater docks, stocks at other intermediate storage piles between 
mine and consumer, and coal in transit. 

8/ Preliminary. 

3/ "All other uses." Not available separately. 
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The increased use of coal by the public utilities depends upon expanding the 
use of electric energy and the availability of coal-burning equipment that can 
supply the necessary heat energy at a cost competitive with that of other fuels. 

In determining energy costs, the cost of the fuel, handling and storage, reliable 
uninterrupted operation of equipment, availability of fuel, stack-emission problems, 
and waste disposal must be considered. Specific research possibilities for improv- 
ing the technology of solid fuel use for this purpose are shown below. 


Improved performance of coal-burning and handling equipment. ~- Mineral deposits 


on the convection surfaces of utility steam boilers reduce efficiency, limit capac- 
ity, and can result in expensive interruptions in service. An extensive investiga- 
tion of the causes and prevention of such deposits is needed. 


78. Investigate behavior of coal minerals at high temperatures and the 
effect of trace elements in coal on the formation of boiler deposits. 


79. Study mechanical and chemical methods for removing fireside deposits 
from large boilers. 


80. Develop a standard test to determine ash-fouling tendencies of differ- 
ent coals. 


81. Investigate the effect of additive compounds to coal on its ash-fouling 
tendencies and combustion characteristics (see also 103, 110). 


Further knowledge is needed for properly evaluating the factors that control 
and influence the release of heat and its absorption for useful purposes. Specific 
research possibilities are: 


82. Investigate the use of ultrasonic and electromagnetic energy to 
effect complete combustion. 


83. Study combustion of solid fuels under pressure, study of flames, and 
the effect of steam and flue gas in flame characteristics. 


84. Determine the viscosity and thermal conductivity of gases at elevated 
temperatures, These data are needed for improved design of equipment 
used in industrial combustion processes, 


Although the boilers, burners, and coal-handling equipment used in large util- 
ity plants for converting coal to heat energy and electrical energy have been devel- 
oped to a very high degree of efficiency, areas for improvement remain. Specific 
research possibilities are; 


85. Investigate the mechanisms of simultaneous transfer of heat and 
mass to assist in designing more efficient boilers and auxiliaries. 
Develop improved equipment for pulverized-fuel and cyclone-furnace 
methods of firing (see also 101). 


86. Investigate the use of chars as boiler fuel. 


Elimination of stack emission. - The emission of sulfur dioxide into the atmos- 
phere from stacks of large powerplants is continuing to be a nuisance of increasing 
importance. In addition to reducing air pollution by removal of sulfur dioxide, 
development of a practical process for the removal and recovery of sulfur dioxide 
from stack gases might reduce the cost of this operation. Specific research pos- 
sibilities are: 
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87. Investigate improved means for removing sulfur dioxide from stack 
gases, among which are scrubbing (1) with an aqueous slurry of 
manganese oxides with production of concentrated sulfur dioxide, 
(2) with water followed by conversion of the sulfur dioxide in 
solution directly into sulfuric acid by catalytic oxidation, and 
(3) with ammonia to form ammonium bisulfite-sulfite liquor for 
production of free sulfur and ammonium sulfate; (4) catalytic 
gas-phase oxidation of sulfur dioxide in the stack for subsequent 
recovery as sulfuric acid or sulfate; and (5) use of lime slurry 
(see also 167). 


88. Study improved and economic methods for removing solids from flue 
gas without sacrificing boiler efficiency, including new design of 
mechanical dust collectors, improved use of electrostatic separa- 
tion, and high-frequency sound waves (see also 141, 185). 


Utilization of waste products. =- Study of the conversion of the waste products 
of coal combustion from a liability to an asset merits attention. The recovery of 
sulfur products has been discussed earlier in this report. Intensive research may 
result in the development of new uses for the particulate matter collected from 
utility plants. Specific research possibilities are: 


89. Develop new and expanded uses for fly ash, including use (1) as 
a pozzolanic material to replace cement in part, (2) as a replace- 
ment for I-A slag, (3) as a lightweight aggregate (after sintering), 
and (4) as a filter in bituminous materials (see also 114). 


90. Study improved methods of storing, handling, and transporting fly 
ash (see also 72, 73, 96). 


Economic aspects of coal-heat energy and power transmission. - Many utility 
plants are currently buying coal on a cost-per-B.t.u. basis. It is known that 


other factors govern the cost of operation that are not shown in the cost-per-B.t.u. 
price of coal. 


91. Determine the extent to which coal quality influences the overall 
cost of operation to enable purchasers and producers to determine 
economic limitations of cleaning coal for thermal power generation 
(see also 102). 


Many private companies, particularly in the primary-metals, chemical-products, 
and paper-products industries, generate their own electric power. Some of this 
power is generated using fuels other than coal. Development of new power-generator 
equipment using coal might increase this market. A specific research possibility is: 


92. Study the use of the coal-fired gas turbine as a stationary power 
plant, particularly for industries that can utilize the energy 
from the hot exhaust gases. 


Motive Power 


Railroads. - Before and through World War II railroads were the largest consumer 
class for bituminous coal, attaining a maximum consumption of 132 million tons in 
1944. Because there always had been a strong interdependence between coal and the 
railroads ~ the railroads use coal for locomotive and other uses, and coal provides 
about one-third of the railroads' revenue traffic - the railroads were considered a 
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stable market for coal. After World War II the railroads expanded their use of 
diesel locomotives, and by 1954 only 17 million tons of coal was consumed for the 
year, a decline of 115 million tons annually. The decline has not been stopped 
even yet, since only 15 million tons was consumed by the railroads in 1955. Even 
though coal-burning gas turbines may replace other fuel-burning locomotives, coal 
burned by the railroads would not be expected to reach the high tonnage levels 
formerly consumed. 


Ships. - Bituminous coal used as bunker fuel in foreign trade has dropped from 
nearly 8 million tons in 1926 to less than 1/2 million in 1954 and 1955 owing to the 
use of oil. Coal used as bunker fuel in the United States coastal trade has dwin- 
dled 1.5 million tons in the past 15 years to a mere 135,000 tons. Coal used as 
vessel fuel on the Great Lakes ranges between 1 and 1-1/2 million tons annually. 


Potential Future Energy Demand 


Estimated future energy demands for motive power from all sources of energy, in 
trillion B.t.u. and bituminous-coal equivalents, are indicated below for 5-year 
periods beginning in 1955 and ending in 1980. 


1955 1960 1965 1970 1975 1980 
Trillion B.t.u. secccoccccsseee 9,365 10,000 10,600 11,300 12,100 13,000 


Bituminous coal equivalent 
(million net ton8) .ecccececs 357 382 405 431 462 496 


In 1954 = the latest year for which complete data are available - bituminous 
coal supplied about 5 percent of the total energy used as motive power, the pre- 
ponderance having been supplied by petroleum products. 


Technological Problems and Research Possibilities 


Railroads. - In spite of the drastic decline in use of coal by the railroads, 
development of a practical coal-fired gas-turbine would result in significant sav- 
ings in fuel costs for the railroads. Specific projects for research to develop 
coal-burning equipment are: 


93. Develop and service-test gas-turbine locomotives powered by coal, 
using either a closed-cycle gas turbine or producer-gas firing of 
gas turbines. Present development of open-cycle gas turbines for 
this use should be continued, 


94. Study interchangeability of the coal-fired gas turbine with diesel 
units on existing diesel locomotives. 


Ships 


95. Develop improved methods for controlling air pollution produced by 
coal-burning vessels. 


96. Improve storage, bunkering, and handling methods for solid fuels 
(see also 72, 73, 90). 


97. Investigate the potentials for using colloidal fuels. 
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Other Industrial 


Large declines in bituminous-coal consumption have occurred in the broad cate- 
gory of "Other industrial," which is defined to include all industrial consumers 
other than electric-power utilities, railroads, and coke plants. Where available, 
however, data are shown separately in table 11 for steel and rolling mills and 
cement mills. The consumption by this group dropped from 163 million tons in 1943 
to 92 million tons in 1954, the lowest for any year on record. In the upswing of 
1955, however, coal consumption by the group increased to 106 million tons, still a 
net drop of 57 million tons from the peak of 1943. 


Declining coal consumption in this field has resulted primarily from the in- 
creased use of residual fuel oil in industrial fuel markets, of distillate oils in 
industrial space-heating markets, and of natural gas in both industrial and space- 
heating markets. These shifts are indicated very simply by the trends in types of 
fuel-burning equipment sold in recent years. For all kinds of burning equipment 
on a unit-foreunit basis, in 1948 1.6 units of oil and gas were sold for each solid 
fuels unit, but in 1953 the ratio was 21 to 1 in favor of oil and gas over solid 
fuels. 


Potential Future Energy Demand 


Estimated potential future energy demand for “Other industrial," from all 
sources of energy, in trillion B.t.u. and bituminous-coal equivalents, are indi- 
cated below for 5-year periods beginning in 1955 and ending in 1980. 


1955 1960 1965 1970 1975 1980 


Trillion B.t.u. cecccccccceceeee 13,300 14,450 16,050 18,350 21,250 24,750 
Bituminous coal equivalent 
(million net tons) cecccceces 508 552 613 700 811 945 


In 1954, the latest year for which complete data are available, bituminous coal 
supplied nearly 20 percent of the total energy used by this group of consumers. 


Technological Problems and Research Possibilities 


Coal-burning equipment for small industrial plants. - The cost advantage that 
coal enjoys over other fuels in most areas drops in importance as the size of the 
steam plant decreases. To regain this market, coal-burning equipment must be devel- 
oped that is competitive in initial cost and provides the automatic operation of 
other fuels. Specific research possibilities to carry out these objectives are: 


98. Develop further a vibrating feeder and grate that can be applied 
to a new type coal burner to bring about complete automation. 


99. Develop further an eccentric-ring stoker with rim feed and center 
discharge for completely automatic operation (see also 140). 


100. Make further combustion studies of thin-bed burning, using the down- 
jet principle to achieve maximm burning efficiency and smokeless 
operation. 


101. Investigate adaptation of pulverized-coal burners and cyclone 
furnaces to smaller industrial plants (see also 85). 
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102. Develop new equipment and conversion parts for existing equipment 
that will burn low-grade coal efficiently (see also 91). 


Stack emission. =- Industrial steam plants are nearly always in urban areas, 
where the prevention of smoke, fly ash, and other pollutants is of concern. 
Because of the difference in operation, capital investment, and the type and quan- 
tity of pollutant emitted, smaller industrial plants often cannot use the pollution- 
control equipment suitable for large utility plants. Improvements in methods and 
equipment for small plants to prevent pollution at low costs would assist in regain- 
ing this market. Specific research possibilities to carry out this objective are: 


103. Study the use of additives to coal for more complete combustion of 
gaseous and particulate pollutants (see also 81, 110). 


104. To reduce the cost of collection equipment, study the possibility 
of reinjecting into the furnace material collected at the stack. 


105. Investigate reasons why the amount of fly ash emitted is not 
directly related to the ash content of coal. 


106. Study the use of water sprays in the stack to reduce air pollution, 
especially during soot-blowing periods of operation of smaller 
boilers. 


107. Develop devices for instantaneous sampling and determination of the 
amount of solids in flue gases (see also 109, 201). 


108. Investigate the size of coal-ash particles in the unfused and 
semifused condition. 


109. Develop improved instruments, standards, and methods for collect- 
ing, measuring, and analyzing dusts, especially in the subsieve 
range (see also 107, 201). 


Coal and ash handling. =- The cost and inconvenience of coal and ash handling 
are deterrents to the use of coal in many small plants, and automatic coal- and ash- 
handling equipment must be developed for small plants. (For research projects, see 
72, 73, 90, and 96.) 


Other fundamental aspects of coal combustion. - A thorough understanding of 
the effects of degree of preparation and addition of chemicals to coal and a study 


of the behavior of various types of coals under varying conditions of combustion, 
are needed to permit suitable equipment to be designed for the industrial market. 
Specific possibilities to carry out this objective are: 


110. Investigate the effects of oil and chemical treatment of coal on 
the combustion, handling characteristics, smoke yield, caking and 
swelling powers of coal, and ignition and decomposition tempera-~ 
tures (see also 70, 72, 81, 103). 


lll. Study the effect of water and steam on the chemical reactions of 


coal mineral matter that lead to clinker formation in fuel beds 
(see also 78). 
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112. Study the plastic behavior of coal in an oxidizing atmosphere, particu- 
larly with regard to the operation of “crossfeed-type" stokers (see also 
140). 


Other process uses. - The use of coal as a fuel or as a raw material for a wide 
variety of other process industries may develop premium markets for coal. Specific 
research possibilities for the development of such new markets are; 


113. Develop equipment to use coal in blast furnaces and for metallurgical 
heating, such as in open hearth furnaces, soaking pits, heat treating, etc. 


114. Develop improved methods for processing clays and shales and waste mate- 
rials from other industries to produce a superior lightweight aggregate 
by sintering with very fine coal sizes (1/8 by 0) (see also 89). 


115. Study the types and grades of coal suitable for pelletizing low-grade 
iron ores. 


116. Investigate improved coal-fired rotary cement kilns. 


117. Study the use of finely divided coal as a filler or pigment for rubber, 
plastics, etc. 


Bituminous coals, particularly those of lower rank, can be solubilized in vary- 
ing degrees by alkali at elevated temperatures. Some products obtained are important 
chemicals of commerce and thus make the process attractive as a possible way of pro- 
ducing chemicals from coal directly. A specific research possibility is: 


118. Investigate the alkaline hydrolysis of coal for producing chemicals and 
low-ash carbon. This includes process-variable studies, development of 
a continuous process, and processes for separating and refining products 
(see also 207). 


Chemicals are being obtained from coal at present primarily by processing the 
byproducts from the manufacture of coke for the steel industry. Consequently, the 
quantities available depend upon the demand for steel and represent only a fraction 
of that required by the chemical industry. The technological problems in the pro- 
duction of raw materials and intermediates for the chemical industry from coal by 
direct processes thus afford opportunities for research. Specific research possi- 
bilities to carry out this objective are: 


119. Investigate the oxidation of alkaline slurries of coals for producing 
carboxylic acids. This includes process-variable studies, development 
of a continuous process, and processes for separating, refining, and 
further processing of the products (see also 207). 


120, Investigate nitric acid oxidation of coal as a process for the direct 
production of chemicals from coal (see also 207). 


Currently, nitric acid is being made in large quantities by the oxidation of 
ammonia. The production of nitric acid by the direct oxidation of nitrogen is 
theoretically possible but requires extremely high temperatures and offers the 
following possibility for coal research: 
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121. Develop a coal-fired furnace for use in the direct production 
of nitric acid from nitrogen. 


Reverberatory furnaces. - Reverberatory furnaces are used widely for smelting 
ores, especially copper and lead ores. Although coal is often used as the fuel, 
development of improved equipment might increase this market. 


122. Study the effects of changes in furnace and equipment design on 
combustion characteristics of the coal and ascertain which char- 
acteristics of coals are most suitable for use in reverberatory 
furnaces. 


Solvent extraction. = Good-coking coals (even in lump form) can be dissolved 
quickly and almost completely at temperatures above 300° C. (572° F.) in certain 
coal-tar hydrocarbons and related materials. This property of coal could be used 
to yield special products or special types of coal for which premium markets might 
exist. Specific research possibilities are: 


123. Investigate the mechanisms of the "solution" of coal in various sol- 
vents, including the extent to which this is due to depolymerization, 
to miscibility in hot oil, to true solution, etc. (see also 131). 


124. Investigate uses for ultrafine ashless coal obtained by pre- 
cipitation, such as compounding rubber and plastics and use as 
a fuel in diesel-type engines. 


125. Investigate products obtained by action of strongly basic amine 
solvents, such as ethylenediamine, and other solvents on coal 
for chemical and industrial uses. 


126. Investigate the copolymerization of coal extracts with various 
organic reactants to produce materials for the plastics industry. 


127. Study the preparation of coal for special uses by removing 
virtually all of the ash (see also 131). 


128. Investigate methods of removing most of the sulfur from coal 
(see also 66). 


129. Study the production of ultrafine coal particles without mechane 
ical grinding, by precipitating coal from coal solutions. 


130. Develop methods for increasing the fluidity of hot-coal solutions 
to facilitate the removal of mineral impurities (ash, pyrite and 
fusain), for example, by light hydrogenation, or treatment under 
moderate pressure with oils capable of transferring some of their 
hydrogen and to use the hot coal solution as a fuel for pressure 
gasifiers. 


Electrode-carbon manufacture. - There is a large and growing demand for carbon 
electrodes of various types for use in electric furnaces by metallurgical indus- 
tries. For example, it is estimated that by 1958 the aluminum industry alone, in 
the United States and Canada, will require 1.3 million tons of pure calcined coke. 
At present, petroleum coke and pitch coke are the primary sources of carbon for 
electrode manufacture. Since it is technically possible to prepare a low-ash coke 
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from coal, research on methods of economically preparing carbons for electrode use 
might develop this premium market for coal. A specific research possibility is: 


131. Study processes for deashing coal (for subsequent coking) that 
will meet the specifications of the aluminum or other industries 
for electrode carbon, including dissolving coal in organic sol- 
vents to permit removal of ash, extraction of ash with hot acid 
or alkali solution, selective mining of low-ash coal, and/or 
intensive cleaning by froth flotation, and volatilization of ash 
constituents during carbonization or subsequent high-temperature 
preparation of electrode carbons (see also 10, 123, 127). 


Manufacture of specific chemicals. - Coal and coke are used as sources of car- 
bon for chemical reduction and as sources of heat in the manufacture of various 
sulfides by reduction of the corresponding sulfates. A research possibility for 
developing this market is: 


132. Determine the types and grades of coal best suited to the 
manufacture of sulfides and sulfites. 


Considerable quantities of activated carbon are used to decolorize syrup and 
other organic materials, remove tastes from water, and recover solvent vapors from 
effluent air, and in air conditioning. These carbons are manufactured from bitu- 
minous coal, lignite, nutshells or fruitpits, etc. Improved processes for manu- 
facture from coal might give coal a larger share of the market. A specific research 
possibility is: 


133. Develop special activated carbon that could be used for sepa-~ 
rating the constituents of coal gas (for use as chemical raw 
materials) (see also 165). 


The manufacture of certain metal chlorides is based upon first reducing metal 
oxides in a shaft furnace, using carbon from coal. A research possibility to in- 
crease this market is; 


134. Determine the suitability of types of coke, coal, and low- 
temperature chars for the manufacture of chlorides. 


Carbon disulfide is currently manufactured in special furnaces from sulfur and 
wood charcoal. Owing to the high cost and limited availability of suitable wood 
charcoal, a premium market may exist for low-temperature char made from coal. A 
specific research possibility is: 


135. Investigate the adaptability of coal chars to the manufacture of 
carbon disulfide. 


A number of foreign plants produce sulfuric acid and cement by charging a mix- 
ture of anhydrite (natural calcium sulfate), coke, sand, and shale into a rotary 
kiln and firing with pulverized coal. A specific research possibility is: 


136. Investigate the manufacture of sulfuric acid and cement in the 
United States from anhydrite, coal, sand, and shale. 


Calcium carbide is produced in electric furnaces from a mixture of lime and 


coke, anthracite or charcoal. It is the source of acetylene, an organic raw mate- 
rial of growing importance, and has many uses. A specific research possibility is: 
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137. Investigate the substitution of reactive char made from coal for 
other carbon sources in the manufacture of calcium carbide, and 
as fuel for calcining the lime. 


The technological problem and the research opportunities pertaining to the con- 
version of coal into (1) liquid and gaseous products by reactions with hydrogen and 
(2) into hydrogen-carbon monoxide mixtures are treated separately elsewhere in this 
report. 


Residential and Commercial Heating 


The increasing availability of fuel oil, from both domestic and foreign sources, 
and of natural gas, with their strong appeals as to convenience and cleanliness, 
have been taking an increasingly heavy toll from coal's residential, space-heating, 
and commercial markets. 


Whereas coal deliveries to retail dealers reached a peak of 125 million tons 
in 1944, they dropped to 53 million tons in 1954, a market decline of 72 million 
tons (table 11). In 1955 retail deliveries increased approximately 1 million tons 
over 1954. 


Potential Future Energy Demand 


Estimated future energy demand for residential and commercial uses from all 
sources of energy, in trillion B.t.u. and bituminous-coal equivalents, are indi- 
cated below for 5-year periods beginning in 1955 and ending in 1980: 


1955 1960 1965 1970 1975 1980 


Trillion B.t.u. COCCHCCECEC CECE OO LO OEC®S 8,265 9,600 10,700 11,900 13,300 14,900 


Bituminous coal equivalents 
(million net ton8) wccccocccccccese 316 366 405 454 508 569 


In 1954, the latest year for which complete data are available, bituminous coal 
supplied nearly 17 percent of the total energy used for these purposes. 


Technological Problems and Research Possibilities 


Combustion equipment. - Automatic coal-burning equipment is of paramount im- 
portance for coal to retain the maximum amount of the residential and commercial 
market. The most popular coal burner for this market is the underfeed stoker, 
but marketability is limited by need for attention, ash and clinker removal, and 
restrictions on usable coal sizes and types. Specific research possibilities to 
solve these problems and thus retain the maximum market for coal are: 


138. Develop packaged-type coal-burning equipment in which the stoker, 
heat exchanger, controls, and automatic coal- and ash-handling 
equipment are easily and cheaply installed. 


139. Develop underfeed stokers of improved design with automatic 
ignition and ash removal and capable of burning a wide range 
of coals. 


140. Further testing of crossfeed-type stokers to develop a completely 
automatic small coal burner (see also 99, 112). 
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141. Develop lowedraft-loss dust-collection equipment for use with 
coal burners operating on natural draft (see also 88). 


142. Develop improved methods of coal pulverization and delivery for 
use in pulverized-coal burners in small plants (see also 59). 


143. Develop equipment for warm-air industrial space heating with 
capacities exceeding 150,000 B.t.u. per hour. 


Handling and storage. - Coal for residential and commercial use is rehandled 
and stored at retail-dealer yards or at plant sites. This double handling of coal 
increases the problem of degradation and increases costs to consumers. Develop- 
ment of suitable small-scale equipment to improve coal-handling and storage prob- 
lems for this use would reduce these costs. Specific research possibilities are: 


144. Improve methods of storing and handling coal in retail-dealer yards 
to reduce degradation, segregation, and dust (see also 63, 72, 73, 
75). 


145. Improve home- and plant-bin design to provide maximm live 
storage with existing conveyor equipment. 


146. Study the use of pneumatic coal=- and ash-handling systems for 
offtrack customers (see also 16, 71). 


New market areas. - A new market for coal-burning equipment exists in the 
expanding use of heat for farm use. This market has had negligible attention. 
Specific research possibilities are: 


147. Develop improved coal-fired heating equipment to replace wood- 
burning units for curing tobacco. 


148. Develop coal-fired central-heat systems for use in broiler- 
chicken barns. 


149. Develop coal-fired equipment for forced warm-air drying of 
forage crops. 


Coke and Coal Chemicals 


The consumption of bituminous coal in manufacturing oven and beehive coke has 
increased about 44 percent during the 30-year period, 1925-55, an average yearly 
gain of approximately 1.5 percent. The yearly increase has not been uniform, how- 
ever, as peaks and valleys have paralleled those for iron and steel production. 
Table 12 shows the actual consumption for each of the 5-year periods in the period 
indicated above. 
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TABLE 12. - Consumption of bituminous coal in the manufacture 
of oven and beehive coke for 5-year periods, 


1925-54, in net tons 


1925-29 eeoeeeeeeene 395,821,584 79,164,317 
1930-34 eoeeeoeoeee 236,455 ,804 47,291,161 
1935=39 eeeeeveececee 301,098 ,250 60 ,219,650 
1940-44 .r.cccccccce 482,941,453 96,588,291 
1945-49 ecoeeeveoeesee 481,978,340 96,395,668 
1950-54 eeeeececooeses 512,193,475 102 ,438,695 


Potential Future Energy Demand 


With virtual disappearance in the last 20 years of the use of coke for resi- 
dential heating and production of gas for residential consumers, the future demand 
for coking coal will be determined largely by the rate of growth of the iron and 
steel industry and technological activity within this industry. Changing iron-ore 
supplies (rich foreign ore) and improved technology in Lron-ore beneficiation 
(taconite concentrates and sintered ores) indicate that fuel efficiency in blast 
furnaces can improve markedly in future, which, in turn, will influence coking-coal 
requirements. Estimated future coking=-coal requirements in this report are pre- 
dicated on population growth estimated by the Bureau of the Census, a small rise 
per year in steelmaking capacity per capita, and a slight decline in the coking 
coal ~- steel ratio. Using this procedure, potential demands for coking coal between 
the years 1955 and 1980 are estimated to be as follows: 


1955 1960 1965 1970 1975 1980 


TELL ON Betis: 6600555650 440486608 2,805 3,300 3,600 3,900 4,300 4,700 
Bituminous coal equivalents 
(million net tons) ..ccccccccccees 107 126 137 149 164 180 


These estimates are based on the anticipated need for coal for both steel and 
other coking-=coal uses. 


Bituminous coal supplies virtually all the coal used in coke ovens; only a 
very small amount is Pennsylvania anthracite. 


Technological Problems and Research Possibilities 


The survey of current coal research showed a reported annual expenditure of 
$5,435,400, with 273 professional men employed on all phases of coal carbonization 
(including the initial processing of coal chemicals at the originating plant). 
Complete figures would be somewhat higher than those reported in the survey. This 
classification represents the largest research expenditure related to coal, and is 
31.3 percent of the total amount reported for coal research. 


Availability and quality of coals for coking. - The present practice of coke- 
making in high-temperature slot-type ovens has been developed primarily on an 


empirical basis, using the best coals commercially available in each area. Owing 
to rapid depletion of the more suitable coking coals, to the increased cost of 
producing coke, to changing ore supplies, and to development of new technology in 
ifron-ore beneficiation and processing, a number of opportunities for carbonization 
research exist. Specific research possibilities are: 
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150. Determine the behavior of the petrographic constituents of coals 
during cleaning and coking, and apply this knowledge to improve 
the coking qualities of coals through selective preparation and 
blending. The study would include the use of controlled amounts 
of deduster dust, washery fines, and other waste material to 
achieve high-quality, more uniform coke (see also 55). 


151. Develop equipment to control and record automatically the moisture 
content of crushed coal being charged into coke ovens (see also 
62, 201). 


152. Determine possible advantages of crushing separately the high- 
and low-volatile components of coke-oven blends to control the 
size consist of each component. 


153. Investigate the effect of blending low-temperature chars on the 
carbonizing properties of coals. 


Pretreatment of coals for coking. = Only a small proportion of United States 
coal reserves has ideal properties for coke manufacture when carbonized alone. 


With depletion of these coals, it will become necessary to pretreat available 
coals to maintain coke quality, to meet specifications for new metallurgical 
processes, and to control costs. Specific research possibilities are: 


154. Investigate methods of pretreating weakly coking or noncoking coals 
to make them suitable for manufacturing metallurgical coke or other 
large-size carbon agglomerates, either alone or in blends with 
strongly coking coals. 


155. Investigate the behavior of coals during carbonization with 
reference to the effect of the rank and type of coal and 
operating variables on the carbonizing process. 


156. Develop full-size test ovens or pilot-scale test ovens and pro- 
cedures that will give reliable results for predicting the behavior 
of coals or coal mixtures in commercial coke ovens. 


157. Study effect of pretreating coal, below the plastic temperature, 
on carbonizing characteristics. 


158. Determine the effect of additives to the coal charge on the 
yields, properties, and value of the coke, tar, gas, etc. 
(see also 163, 174). 


159. Investigate the coking of special mixtures, such as mixtures of 
coal and iron ore, to produce “Ferrocoke" for blast furnaces. 


High-temperature carbonizing equipment and conditions. = There has been con- 


tinuous engineering refinement in the technology of coke-oven design, materials of 
construction, operation, and maintenance. Nevertheless, with increased costs of 
building and operating coke ovens, there is strong need for lower cost and higher 
throughput equipment. Specific research possibilities are: 


160. Study means of accelerating the rate of heat transfer in conven- 


tional coke ovens, using new materials of construction, new design, 
and faster coking processes, 
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161. Develop a continuous process for manufacturing coke, including 
the use of horizontal chain-grate-type ovens. 


162. Study methods for eliminating sulfur during carbonization and of 
minimizing the effects of sulfur in blast-furnace operation (see 
also 173). 


163. Investigate the use of chemical additives to coal charges to 
produce less pitch and a higher yield of the more valuable 
low-molecular-weight compounds (see also 158, 174). 


164. Investigate the free radicals present during the volatilization 
of coal and devise means for controlling their reactions to 
improve the products (see also 166). 


Upgrading primary coke-oven products. - An important cost factor in determin- 


ing the price of coke is the credit received from coal chemicals. Important possi- 
bilities exist for increasing the value and marketability of these primary products 
at the coke plant. (The scope of this report does not include processing else- 
where, - for example, at tar refineries or chemical plants.) Specific research 
possibilities are: 


165. Develop better methods for separating the constituents of coke- 
oven gas (hydrogen, methane, ethane, ethylene, etc.) for the 
production of chemicals (see also 133, 180). 


166. Study the upgrading of primary coal products in the nascent state 
to obtain products that have a better commercial market (see also 
164). 


167. Study the use of coke-plant ammonia to control sulfur dioxide 
emission from powerplant stack gases, with production of 
ammonium sulfate (and concentrated SQ» if desired) (see 
also 87). 


168. Study the upgrading of coal tar at the coke plant by converting 
high-molecular-weight constituents into more valuable chemicals, 
through thermal vapor-phase cracking of tars or tar fractions, 
hydrogenation refining, and dealkylation of tars or tar fractions 
to produce larger yields of the simpler aromatic hydrocarbons 
(see also 179). 


Low-temperature carbonization. - The low-temperature carbonization of coal has, 
in theory, many attractive economic potentialities. The separation of the poten- 
tially valuable tars and chemicals from the coal before use as a fuel appears to be 
an attractive method for using this natural resource. The development of a cheap 
process for carrying out this separation and the development of suitable markets 
for the tar should reduce the cost of the char that can be used for the production 
of electricity. Reducing this cost would improve the competitive position of coal 
for use by electric utilities. Development of premium uses for the char might also 
develop new markets for coal. Specific research possibilities to achieve these 
objectives are: 


169. Conduct research on physical conditions and chemical reactions during 
low-temperature carbonization to develop improved processes. 
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170. Develop reliable small-scale test methods for predicting the 
performance of any coal during low-temperature carbonization. 


171. Develop better methods for separating solid particles (of 
char, ash, or coal) from tar in the vapor phase, 


172. Develop better methods for safe handling and transporting 
of hot char to the point of consumption without loss of heat. 


173. Develop methods for increased elimination of sulfur from the 
char during low-temperature carbonization (see also 162). 


174. Develop improved methods for cracking primary low-temperature 
tar during the carbonizing process, to yield more valuable 
tar products (see also 158, 163). 


175. Study the characteristics of products from low-temperature 
carbonization to improve the design of low-temperature 
carbonizing plants and accessory equipment. 


176. Investigate the fundamental physical and chemical differences 
between chars and cokes and the effect of operating variables 
upon the physical and chemical properties (see also 205). 


Special or upgraded products from low-temperature carbonization 


177. Determine the optimm operating conditions for producing chars 
for blending with coking coals for high-temperature coking, 
carbons for use in low-shaft furnaces, reactive carbons for 
reducing agents in various metallurgical and chemical processes 
and carbons for electrode manufacture. 


178. Study the production of agglomerated or nodulized products 
from mixtures of coking coal, iron ore, etc., that will be 
suitable for smelting iron ores to iron or crude steel by 
various processes, 


179. Make a comprehensive investigation of the nature and composition 
of low-temperature tars and conversion of these tars into more 
valuable low-molecular-weight materials (see also 168). 


180. Develop better methods for separating the constituents of low- 
temperature-carbonization gas (see also 165). 


Gasification and Uses of Synthesis Gas 


The huge potential market for producer gas, water gas, and high-B.t.u. gas has 
brought about increased interest in direct gasification of coal, especially since 
petroleum and natural gas are becoming more expensive and less abundant. 


Coal may be gasified with air and steam to yield producer gas, a mixture con- 
sisting of nitrogen, carbon monoxide, and hydrogen. Its low heat value makes pro- 
ducer gas as such suitable only for industrial use at or near the plant, although it 
may be piped short distances when used as a diluent of pipeline gas. It may be 
particularly useful in certain processes for making synthesis gas or even in a 
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modification of the Fischer-Tropsch process. However, a more versatile product is 
obtained by reacting coal with steam and oxygen to avoid dilution with nitrogen. 
The water gas resulting from this process contains roughly equal amounts of carbon 
monoxide and hydrogen. This gas (after further treatment) is now used in the manu- 
facture of ammonia and would constitute the biggest available source of hydrogen 
for hydrogenating coal and its products (see Coal Hydrogenation section). It may 
also be used to generate electricity in the so-called fuel cell. A wide range of 
mixtures of carbon monoxide and hydrogen can be prepared from water gas. 


Mixtures of carbon monoxide and hydrogen are the raw materials for making meth~ 
anol, higher alcohols, and a large variety of other organic chemicals ranging from 
pipeline gas to wax. Some of the methods for making these materials are in com- 
mercial use ~ the oxo and alcohol syntheses; another, used in foreign countries 
and under intensive study here, is the Fischer-Tropsch process; and still others 
have received relatively little attention until recently, such as the isosynthesis 
and the methanation reaction. Except for the oxo reaction, in which an organic 
compound is reacted with synthesis gas, all of these processes involve reacting 
carbon monoxide with hydrogen. Differences in products are determined by the 
ratio of these gases, the nature of the catalyst, and the operating conditions. 


Potential Future Energy Demand 


According to published data for 1955, about 92 percent of the commercial 
ammonia was made in synthetic ammonia plants and less than 8 percent from coke. 
However, several large synthetics plants used coal or coke in their ammonia pro- 
duction in 1955, but it appears that even some of them will discontinue using coke 
in the near future. 


The growth in ammonia production over the past 20 years has been very large, 
and the predictions for additional growth are also optimistic. Synthesis gas from 
coal for the production of ammonia can be obtained (1) by direct gasification of 
coal, (2) by removing hydrogen from coke-oven gas, and (3) by re-forming the total 
gas stream from the coke plant. Processes have been developed for using hydrogen 
from coke-oven gas, and if all of the hydrogen from coke-oven gas were utilized, 
over 6,000,000 tons of ammonia per year could be produced (present ammonia produce 
tion is about 3,000,000 tons per year). The availability of synthesis gas by direct 
gasification of coal would not be limited by being a byproduct from some other oper- 
ation and might be cheaper than hydrogen produced in other ways. 


No other significant market exists at present for synthesis gas from coal, but 
the production of electricity via fuel cells and of organic chemicals by means of 
one or more of the processes defined above are distinct possibilities. The largest 
potential market, by far, appears to be that for synthetic Liquid and gaseous fuels. 
The time when coal will first be used for these purposes and the rate of expansion 
of such new industries are subject to such factors as the world political situation; 
the price of coal, supply of power, equipment, and manpower; and the price and sup-= 
ply of petroleum and natural gas. But even apart from concern about assured sup- 
plies of such fuels at any cost from a strategic point of view, the opinion has been 
expressed repeatedly that we shall be forced into coal-eto-oil production within 15 
to 20 years, simply because the supply of other liquid and gaseous fuels will not 
take care of demand. Although coal is the biggest potential source of synthetic 
fluid fuels, it is not the only one; tar sands and bituminous sands and oil shale 
can be processed to yield similar products and at lower cost. Thus, the role that 
coal will play in supplementing fluid fuels now available will depend to a great 
extent on drastically reduced processing costs. The cost of gasification represents 
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70 to 80 percent of the cost of the final product for the Fischer-Tropsch and meth- 
anation processes and a smaller but significant percentage of the cost of the final 
product from the coal=-hydrogenation process. 


Indications are that high-B.t.u. gas for pipelines (essentially methane) will 
be needed first. Not only have wellhead prices advanced, but the cost of long=dis- 
tance transportation raises the price of natural gas greatly for areas remote from 
the source. As natural-gas prices rise and the cost of conversion of coal to meth- 
ane is lowered sufficiently, the time will be advanced when high-B.t.u. gas from 
coal will be produced economically in the United States. 


Cost considerations are not as important for the production of chemicals that 
demand premium prices. Thus, industry is already devoting considerable effort 
toward producing aromatic hydrocarbons, phenols, tar bases, alcohols, aldehydes, 
and ketones from coal. 


The future demand indicated in table 4 did not differentiate between the forms 
in which the energy would be available. The long-range forecast for decreasing 
domestic supplies of petroleum and natural gas and the convenience factor in using 
these fuels strongly indicate that a portion of the energy supplied by coal in 
future will come from its conversion to synthetic liquid and gaseous fuels, even 
at premium prices. The magnitude of the potential demand for coal by such proc- 
esses is enormous. The coal required to replace only 5 percent of the (1952) 
natural-gas and liquid-petroleum demands with synthetic products would be over 
100 ,000 ,000 tons per year. Intensive research is required to reduce the costs 
of gaseous and liquid fuels from coal to shorten the time at which coal will become 
a competitive raw material. 


Technological Problems and Research Possibilities 


Production of synthesis pas. - Several methods have been developed for gasi- 
fying coal, purifying the gas, and changing the composition of the gas to suit 
further processing. However, not all coals are amenable to the gasification proc- 
esses now available. Difficulties may develop because of caking, slacking, and 
clinkering, for example. To overcome these, pulverized coal may be gasified in 
an entrained bed. Satisfactory ways must still be found for feeding coal to the 
reactor, especially for pressure gasification. Alternative methods of producing 
oxygen or gasification without the use of oxygen may be needed to make synthesis 
gas economical for producing a bulk commodity like fluid fuel. 


181. Study mechanism and rate of gasification. 


182. Investigate feeding and gasification methods for powdered 
coal, especially under pressure. 


183. Study. gasification processes that do not use oxygen. 
184. Study gasification with nuclear energy as a source of heat. 


185. Investigate cleaning of raw synthesis gas, including removal of 
gaseous, liquid, and solid impurities (see also 88). 


186. Study process variables for oxygen-gasification processes in 
fixed, entrained, and fluidized beds. 
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Utilization of synthesis gas. - The fuel cell, intended to convert coal or a 
primary reaction product of coal directly to electricity, has not become a commer- 
cial reality as yet. Bituminous coal does not appear to be usable as such, but 
water gas does offer practical opportunities, one of the main deterrents being its 
high cost. A specific research possibility is: 


187. Investigate producing electricity by the indirect fuel cell, 
using gases. 


Common features of the reactions of synthesis gas to produce chemicals and fuels 
are that the processes occur in the presence of catalysts and that the useful prod- 
ucts may range from gas to wax. A particularly difficult problem is removing the 
heat of reaction from the system as rapidly as it is produced to prevent damage to 
the catalyst. Methods for doing this have been developed for the Fischer-Tropsch 
and methanation processes; the effect is accomplished at the cost of pumping gases 
or liquids through the reaction systems, so that the system must be designed to 
offer minimum flow resistance to keep the cost of pumping low. Proper choice and 
conditioning of catalysts, as well as use of optimum processing conditions, will 
aid in getting maximm amounts of the desired products and minimum amounts of 
undesired ones. For example, the Fischer-Tropsch reaction can be used to produce 
mainly higher alcohols, or mainly gasoline, or mainly wax; in each instance as 
little as possible of the other products should be produced. Specific research 
possibilities are; 


188. Study the structure of catalysts and the mechanism of catalytic 
reactions, including sulfur poisoning of Fischer-Tropsch catalyst, 
methods of reactivation of poisoned catalysts, and the develop- 
ment of sulfur resistant catalysts. 


189. Develop new types of catalysts (powder and fiber metallurgy, 
alloy and skeletal catalysts) that are active and durable. 


190. Determine operating conditions most suitable for desired prod- 
ucts, including selection of the most suitable catalysts. 


191. Develop reaction systems suitable for large-scale use (adequate 
cooling by gases and/or liquids), including systems for methanation. 


192. Study methods for characterizing, separating, and upgrading products 
(see also 198). 


193. Study methods of combining processes to produce maximum amounts of 
desired products with the cheapest available gases (see also 197). 


Coal Hydrogenation 


The earliest method used commercially for converting coal to liquid fuels was 
coal hydrogenation. In this process coal is combined directly with hydrogen at 
high pressures and temperatures, usually in the presence of a catalyst. The Germans 
erected their coal-hydrogenation plants when methods were not yet available for con- 
verting the products from the Fischer-Tropsch synthesis to high-octane gasoline. 
Today, both processes can be made to yield premium fuels, despite the fact that the 
products from these are chemically different. 
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What has been said in the previous section on gasification about potential 
markets applies here, too. At present, only the production of high-priced chemi- 
cals by direct hydrogenation of coal appears economically feasible. 


Technological Problems and Research Possibilities 


The problems peculiar to coal hydrogenation, apart from gasification, are prin- 
cipally the sluggishness of the reaction at low pressures and separation of prod- 
ucts, particularly removal of unreacted coal and ash from the heavy-oil fraction. 
Furthermore, the effects of operating variables upon rates of reaction and relative 
abundance of products are known only over a narrow range. Expansion of the range 
of information is needed for designing "tailor-made" processes, for example, to 
produce primarily high-B.t.u. gas from coal and hydrogen. In addition, coal hydro- 
genation requires special and expensive equipment, because pressures of 6,000 to 
10,000 p.s.i. are needed for exhaustive hydrogenation. 


A number of possible alternatives to the conventional process have been con- 
sidered, such as hydrogenation of dry coal (instead of coal-oil pastes), lowe 
pressure hydrogenation followed by coking of the heavy oil, one-step hydrogena- 
tion at high temperatures, and hydrogenation over a range of temperatures in a 
single vessel. Results available thus far indicate no really significant reduc- 
tions in cost compared with the conventional process for exhaustive conversion 
of coal to liquid fuel. Specific research possibilities are: 


194. Make a systematic study of effect of process variables on rates 
of reaction and product distribution. 


195. Investigate the mode of action of various catalysts, the chemical 
changes produced in catalyst during hydrogenation, and the devel- 
opment of improved catalysts. 


196. Investigate methods for reducing the high pressures required in 
conventional process, by use of catalysts, inhibitors, and tem- 
perature-time relationships (see also 200). 


197. Study the combination of hydrogenation with other processes, for 
example, carbonization or solvation (see also 193). 


198. Study methods of characterizing, separating, and upgrading 
products (see also 192). 


199. Develop improved equipment for removing solid residue from 
heavy oils. 


200. Study processes for coal hydrogenation at temperatures higher 
than usual, including production of pipeline gas (see also 196). 


PHYSICAL AND CHEMICAL PROPERTIES OF COAL 


Despite progress in coal research, we are still far from knowing and utilizing 
coal to the fullest extent. To be sure, empirical methods are available for ana- 
lyzing and classifying coal in such a way that buyers and sellers can agree upon 
the quality of coal being traded. But even in routine analysis, significant 
advances could be made in speed, accuracy, and economy by adapting new methods and 
equipment to coal requirements. Specific research possibilities are: 
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Technological Problems and Research Possibilities 


201. Introduce simplification and automation of analysis procedures, 
adaptation of new analytical and research tools, and development 
of continuous analytical equipment for process control (see also 
62, 151). 


202. Apply statistical methods to analysis and process control. 
203. Standardize procedures and terminology. 


Tremendous gaps exist in our knowledge of coal, its origin, physical struc- 
ture, and chemical behavior. These voids are not serious as long as coal is used 
largely as a fuel; but the need for more thorough understandings of coal and its 
products becomes more pressing as other uses of coal gain importance. For example, 
(1) low-temperature carbonization is likely to become an important industry, once 
we know the constituents and potential uses of the tar; (2) larger quantities of 
chemicals and more valuable ones could probably be obtained from coal at low cost 
1f we knew its basic building blocks; (3) present methods of preparing and process- 
ing coal can become better adapted to needs and thus more economical when we learn 
precisely how coal behaves when subjected to mechanical, chemical, and thermal 
forces; and (4) as a result of new knowledge acquired about coal, new processes 
may be found for utilizing its full value. Gentler treatment under milder condi- 
tions probably will result in less waste, more valuable products, and less costly 
equipment and processing. 


To reach these goals, we must first learn more about coal's geologic and bio- 
logic origins; about the factors (such as time, temperature, pressure, and bacteria) 
that formed and changed coal; about its petrographic and chemical composition and 
the origin and nature of the associated minerals; about the physical structure and 
chemical structure of coal; and about the nature of weak spots or reactive sites in 
coal that respond to chemical or other attack. 


Industrial experience has shown that most modern improvements in equipment de- 
sign and in processing techniques are based on scientific advances that had been 
developed many years earlier. Conversely, insufficient effort in research makes 
itself felt years later by the lack of data and ideas on which to base new advances. 


The experience and information gained from such studies of coal will result in 
more rational approaches and entirely new avenues to coal processing; they are abso- 
lutely essential as bases for the other research possibilities discussed in this 
report. 


Research possibilities closely allied to resources, production, distribution, 
and coal markets are listed under the pertinent headings. This section concerns 
problems common to all of them or’more fundamental in nature. Specific research 
possibilities are: 


204. Study distribution and nature of plant residues, moisture, 
and minerals in coal (see also l). 


205. Study the physical properties of coal, such as surface and 
pore structure, density, molecular weight, hardness, plasticity, 
absorption of radiation, and electrical and magnetic behavior 
(see also 176). 
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206. 


207. 


208. 


209. 


Study the arrangement of coal carbon in ordered arrays, identify 
molecular groups and fragments, and determine the type and 
strength of chemical bonds. 


Study the reaction of coal with acids, alkalies, oxidants, 
reductants, solvents, and living organisms (bacteria, fungi, 
molds) (see also 118, 119, 120). 

Determine the products obtained upon heating coal in various 
atmospheres, at different pressures, and with catalysts (see 
also 155, 158). 


Investigate the analogies between reactions of coal and those 
of coal models and pure chemicals. 


(AT. BU.OF MINES, PGM. PA. 


Google 


7865 


